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FOREWORD 
This document was prepared by the Martin Marietta Corporation, Denver 
Oivision, for the National Aeronautics and Space Administration, 
Marshall Space Flight Center. This volume forms a part of the Final 
Study Report for Contract NAS8-31789, Payload SpeaiaZi s t Station 
Study, completed under the technicdl direction of Mr. William Lucero, 
Contracting Officer's Representative, MSFC. 
The following documents form the complete Final Study Report: 
Volume I 
Volume II 
Part I 
Part I' 
Part 11 i 
Volume III 
Part I 
Part II 
Executive Summary 
Technical Report 
Preliminary Design Document Contract End Item SpeCifications (Part I) Program Analysis and Planning for Phase C/O 
Program Study Cost Estimates 
Work Breakdown Structure 
Cost Data 
The following Part I CEI Specifications are included in this volume: 
- Multifunction Display System (MFDS) Specification 
- Multi-use Mission Support Equipment (MMSE) Specification 
- Flight Software Specification 
- Ground Test Software Specification 
- Ground Support Equipment (GSE) Specification 
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1.0 SCOPE 
This part of this preliminary specification establishes the require-
ments of performance, design and verification of equipment identified as the ~IFUNCTION DISPLAY SYSTEM (.MFDS), Contract End Item (CEI) Number (TBD). 
The ~ultifunction Disp~dy System provides the display units (with 
Video, alphanumerics, and graphics capabilities), associated Electronics 
Unites), keyboards (KBs) in support of the payload dedicated controls and 
displays concept to be located at the Payload Station (PS) in the Shuttle Orbiter Aft Flight Deck (AFD). 
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3.0 REQUIREMENTS 
3.1 CEI Definition 
3.1.1 General Description 
The Multifunction Display System (MFDS) shall consist of two cathode ray tube (CRT) display units, associated electronics unites) (EU), keyboard(s) (KE), and required cables. The CRTs shall consist of one black and white unit with video capability including alphanumeric and graphic overlay fea-tures (located at Panel L-ll. Payload Station, PS), and one tricolor unit (green/yellow/red, located at Panel L-IO, PS). 
3.1. 2 Missions 
The Shuttle Program scheduling, operations planning, flight hardt~are, ground system requirements, and costs shall be based on the Shuttle Program mission model described in JSC-07700. Volume III. The first use of the MFDS vlill be for the first operational flight utilizing th .. AFD core C&D capabil-ity, the Spacelab (SL) 2 mission. 
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3.1.3 Operational Concepts 
The Multifunction Display System (MFDS) will be used by the Payload Specialist to perform various on-o~'bit tasks. Using the keyboard, the payload specialist will have the capability to operate various instruments within an experiment, display experiment status and data, point various instruments and select several video displays. He will have access to either the S/L computers or Orbiter computers. 
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3.1.4 Organi7.8tional and Management Relationship 
MSFC has been designated as the development management center for the Aft Flight Deck core controls and display (C&D) program. The core C&D equipment t~ill be located in the Orbiter AFD, and therefore, JSC will be required to ensure interface control documentation compatibility. 
3.1.5 Systems Engineering Reguirements 
3.1.5.1 Systems Engineering and Integration 
Systems engineering and integration will include performance of the analyses and studies necessary to define requirements for the Aft Flight Deck Payload Core C&D, interfaces, ground support equipment (GSE) and sup-port test equipment (STE), and product a:sc;ttrance. Systems design and inte-gration, operations requirements analyses, G~:E and STE requirements, and systems test requirements are all a part of the Aft Flight Deck (AFD) Core C&D engineering and integration (SE&I) task. Also included are interface analyses and definition, PSS specification development and weight management. The objective of the SE&I analysis is to assure an integrated AFD core C&D design that provides a core capability for operating and controlling the many anticipated payloads for the Shuttle Orbiter, at the lowest life cycle cost to the Shuttle Program, compatible with the required level of capability and limitation information to prospective payload developers. 
3.1.5.2 Work Breakdown Structure (lVES) 
The lVES for the AFD core C&D will be in accordance with MA-06, reference Volume III, Part I. 
3.1.6 Government Furnished Property List 
a. Spacelab equipment: Display Unit (DU); Keyboard eKE); Data Display Unit (DDU); Remote Acquisition Unit (RAU); Powpr Distri.bution Box (PDB). 
b. Phase II: One set of Ground Support Equipment (GSE). 
3.1.7 Critical Components 
3.1.7.1 Engineering Critical Components List 
Not applicable. 
3.1.7.2 Logistics Critical Components List 
Thp :a1l~re mode and effects analysis (FMEA) will be performed and will be used to prepar. the Critical Items List (CIL) , which will be used to ident-ify criti':al spares. This CIL shall include the Single Failure Point Summary and Cd ti·'al Redundant Items. The corrective action required and/or rationale for retentjon shall be determined for each critical single failure point. 
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3.2 Characteristics 
3.2.1 Performance 
3.2.1.1 ~isplay Units 
Two Display Units (DUs) shall be provided; one shall have the capabil-ity of displaying only alphanumerics and graphics in tricolor, and oue shall ~ave the capability to display both video and overlay symbolic data (alpha-numerics and graphics) in black and white (B&W). The black and white display monitor shall ac~ept video signals from the Orbiter closed circuit television system (ccrv) video switching unit. 
l~e w~jority of the requirements specified herein shall apply to both the B&W and tricolor type of DUs, and therefore are stated only once with no specific reference to either unit. Specific requirements pertaining to only one of the DUs are properly identified herein. 
3.2.1.1.1 Brightness 
TIle brightness of generated symbols shall not vary by more than plus or minus 20 percent when positioned anywhere within the useful screen area. The brightness level of the black and white Display Unit shall be a minimum of 46.5 foot lamberts at thl;! maximum writing speed. The brightness level of the color Display Unit shall be a minimum of 60 foot lamberts at the maximum writing speed. 
3.2.1.1.1.1 Manual Brightness Control 
The Dis?lay Unit shall be providea with a continuous manual bright-ness control, mounted on the front panel of the display unit. 
3.2.1.1.1.2 Automatic Brightness Control 
Readjustment of the brightness control shall not be required at any ambient light level above 100 foot lamberts when it has been set to a desired contrast ratio. 
3.2.1.1.2 Contrast 
The black and white Display Unit shall be able to provide a contrast ratio of 8:1 at 100 foot lamberts. The color Display Unit shall be able to provide a contrast ratio of 1:4 at 60 foot 1amberts. 
3.2.1.1.3 Resolution and Line Width 
3.2.1.1.3.1 TV Scan Resolution 
The B&W Display Unit shall provide 525 and 1000 horizontal scanning lines. 
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3.2.1.1.3.2 Line lVidth 
The line width for all lines shall be plus or minus .012 inch maximum in the central 80 percent of the viel~ing area when measured at the 50 percent brightness amplitude points for both the horizontal and vertical resolutions. The line width gro~~h shall vary no more than 30 percent over the remaining 20 percent viewing area. The line width requirements shall be met for the line(s) wr5.tten at all writing speeds at the required refresh rate and con-trast ratio requirements. 
3.2.1.1.3.3 Resolution 
The Display Unit shall exhibit horizontal and vertical resolution of not less than 42 line pairs per inch in the central 80 percent of the viewing area based on a 10 percent modulation index and a square wave video input. A line pair is defined as one line bright and one dark adjacent area. 
3.2.1.1.3.4 Video Bandwidth 
The bandwidth of the B&W video channel shall be flat plus or minus 3 dB from DC to a minimum of 10 MHz for output amplitudes consistent with the required contrast ratios. Transient response shall be such that overall rise and fall times shall be no greater than 35 ns each !o1hen measured between the 10 percent and 90 percent points with o,rershoots and undershoots less than 20 percent of the pulse amplitude. The bandwidth of the color channel Rhall be flat plus or minus 3 dB from DC to 32 MHz for output amplitude condistent lrith the required contr~st ratios. 
3.2.1.1.4 Linearity 
The DU non-linearity shall net exceed plus or minus 2 percent of the length of any line at any point within the central 80 percent of vielying area and shall not exceed plus or minus 4 percent in the remaining area. In addition, there shall be no deviation greater than plus or minus 0.020 inch from a straight line in any 0.8 inch segment of a line. The maximum deviation shall not exceed plus or minus 0.060 inch at any point of a line of length up to 6 inches, defined by its end points. 
3.2.1.1.5 Jitter 
Displayed symbolization shall not jitter in excess of 0.003 inch under static ~onditions. Jitter phenomena frequencies range from 0.25 Hz to 60 Hz. 
3.2.1.1.6 Position Stability 
Short term position stability shall be within plus or minus 0.015 inch vertically and plus or minus 0.015 inch horizontally with a drift rate not to exceed .005 inches per minnte. Long term position stability shall be within plus or minus 0.05 inches vertically and plus or minus 0.06 inches horizontally. 
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3.2.1.1.7 Positional Error 
Positional error at any point on the CRT face shall not ,"xceed 2.0 percent of its location relative to the center of the presentation. 
3.2.1.1.8 Display Centering 
Display formats shall be centered to plus or minus 0.05 inch within the viewable area. 
3.2.1.1.9 Phosphor 
The phosphor for the cathode ray tube (CRT) shall meet the require-ments of this specification. It shall cause no flicker or apparent motion while the display is viewed under any ambient illumination. 
3.2.1.1.10 Built-in Test Equipment (BITE) 
lbe DU shall provide BITE and self-test capabilities in conjunction with a Keyboard Unit, Electronics Unit (EU), and the EU generated test patterns interpreted by an operator, shall detect and indicate single-solid fail-' ures in the MFDS to a probability of 0.96 or better upon operator command. The test pattern, on command from the keyboard shall be made available for the operator to check visual performance of the display unit. 
3.2.1.1.11 Color 
The display unit shall be capable of displaying tricolors of green, red, yellot~. 
3.2.1.1.12 Screen Area 
The useful display areas should be at least 8 inches square, each; however, smaller displays will be considered if off-the-shelf status provides cost advantages for the system. 
3.2.1.1.13 Power 
3.2.1.1.13.1 Input Power 
The nu shall meet all the specified performance requirements when energized by a prime source of 28 plus or minus 4 volts DC or 115 plus or minus 5 volts, 400 Hz AC having the characteristics defined by MF0004-002. In addi-tion, the DU shall be capable of withstanding, without damage or data loss, the emergency transient characteristics defined in MF0004-002. 
j.2.~.1.13.2 Grounding and Isolation 
Provisions for equipment grounding; for isolation of circuitry from grounding, power returns, and shields; and for isolation of input power, normally and under failure conditions, shall conform to MF0004-002. 
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3.2.1.1.13.3 Power Dissipation 
The DU shall be designed to dissipate the following amounts of power, under worst-case cooling conditions, without compromise to the temperature derating criteria established for components utilized therein. TI,e derating criteria shall be compatible with the reliability objectives. 
a. Operation (Normal TV Mode) - 130 watts maximum monochromatic 
- 150 watts maximum color 
b. Standby - 25 watts maximum 
3.2.1.1.13.4 Power Conversion 
The DU shall convert primary input power to internal operating volt-ages as re'!':ired. Jonversion equipment and characteristics shall conform to the requ1rements of MF0004-002. 
3.2.1.1.13.5 Power-on Sequence 
Application of input power to the unit shall be sensed and shall initiate an orderly startup, reset, and initialization sequence. No special power-on sequence shall be required. 
3.2.1.1.13.6 Power-off Sequence 
Removal of input power from 
an orderly power shutdown sequence. 
reqUired. 
3.2.1.1.13.7 Normal Power Transient 
the unit shall be sensed and shall initiate No special power-off sequence shall be 
Input power transients within the limits defined in Specification MF0004-002, Figure 1, shall not cause unit malfunction or sync anomalies. 
3.?1.1.13.8 Abnormal Power Transients 
Input power transients within the limits defined in MF0004-002, Figure 3, shall not cause equipment damage or spurious behavior. For under-voltage transients which exc'led normal limits as defined in 3.2.1.1.13.7 above, execution of a'shutdown/restart: sequence is permissible. 
3.2.1.1.13.9 Power Interruption 
Loss of input power shall not cause any DU malfunction, transmission of erroneous signals nor create any operating anomalies. 
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3.2.1.1.14 Weight 
The weight of the B&W Display Unit shall not exceed 35.0 pounds. The weight of the Color Display Unit shall not exceed 40 pounds. 
3.2.1.1.15 Dimensions 
The Display Unit shall be contained in an enclosure not exceeding 12.0 inch height x 11.0 inch width x 20.0 inch depth and mounted into a 19 inch panel/chassis in accordance with MIL-STD-189. 
3.2.1.2 Electronics Unit 
The EU shall interface t~ith the Spacelab interconnecting stations (IS) and input and output (I/O) units for both the experiment and subsystem computers via the serial data buses. The EU shall allow keyboard connnands to be sent to either the experiment or subsystem computers via the IS, I/O units and redundant data buses. A dedicated switch on the keyboard shall select the experiment or subsystem computer. The EU shall accept and store data from the Spacelab com-puters and cause the display on the display unit to be modified in accordance with the data (reference Spacelab Payload Accommodations Handbook, EQ-MA-OOlO, EQ-MA-084 and EQ-MA-0002). 
Normally the multifunction display system shall interface with either the Spacelab experiment or subsystem computers. However, when the Spacelab computers are not flown, the MFDS shall be capable of interfacing with the Orbiter GPC via the Orbiter data bus and i.nput output processor (IOP). The Orbiter GPC shall then perform the same tLnctions as the Spacelab computers. 
3.2.1.2.1 Symbol Arrays 
The EU shall be capable of utilizing sequences of format ~ontrol words such that a set of symbols can be uniquely specified and identified as if it were a single-symbol element. 
3.2.1.2.2 Symbol Elements 
The EU shall be capable of generating at least 128 symbols. The symbols repertoire shall be such that it can be changed and not affect the performance of the EU or require design changes. 
3.2.1.2.3 Circles and Vectors 
The EU shall be capable of generating the following patterns: 
3.2.1.2.3.1 Circles 
Circles of at least 512 radii centered at any point on the display. 
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3.2.1.2.3.2 Vectors 
Vectors between any two points on the display field. 
3.2.1.2.4 Features Related to Symbols 
The EU shall provide the following features that can relate to individ-ually displayed elements or sets of displayed elements. 
3.2.1.2.4.1 Flash 
Any symbol or set of symbols shall flash lqhen so designated. 
3.2.1.2.4.2 Dash 
Any circle, vector, or set thereof shall be dashed when so designated. 
3.2.1.2.4.3 Rotate 
Any symbol or set of symbols shall be capable of being rotated about a center that may be any point on the face of the CRT. J~tation designations shall be able to specify the angle of rotatiQn as either an absolute rotation from a fixed reference or as a rotation from a variable reference. A combination of rotation and translation of the same display element:or set of elements) shall be possible. 
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3.2.1.2.4.4 Translation 
Any symbol or set of symbols shall be capable of being translated in cartesian coordinates when so designated. It shall be pO$sible to specify the resulting location of a translation as either an absolute position or a posi-tion relative to the current location of the designated symbol. 
3.2.1.2.4.5 Character Size 
There shall be at least two sizes. Any combination of sizes shall be possible On the same display presentation. 
3.2.1.2.4.6 Intensity 
There shall be at least t~10 levels of intensity that can be designa-ted for any symbol. All levels (intermixed) shall be possible in any combin-ation on the same display presentation. Brightness uniformity shall be main-tained to within plus or minus 12 percent by linear compensation of intensity for various stroke writing speeds. 
3.2.1.2.4.7 Blanking 
There shall be a capability of blanking or unblanking any group of Symbols. 
3.2.1.2.4.8 Text Presentation 
It shall be possible to designate a text preseltation starting at any point on the CRT face such ~hat character positioning, line pOSitioning, and boundaries of the display field shall be referenced from that point automatic-ally tnthin the EU without need of further information. 
3.2.1.2.4.9 Scra"ch Pad 
It shall be possible to designate the last line of any presentation as a scratch pad. The scratch pad shall display symbols consistent with each KB signal sensed by the EU. 
3.2.1.2.4.10 Computer Specified Symbols 
The EU shall receive messages that tnll re1..'lace portions of the display pr€!sentation. These symbols shall be superimposed spon the part of the display presentation that is unalterable. 
3.2.1.2.5 Presentation Criteria 
All symbols as presented on the face of the CRT of the DU shall be as follows: 
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3.2.1.2.5.1 Text Data 
At least 25 lines of 50 characters at minimum character size. 
3.2.1.2.5.2 Character Relationships 
Width = 0.67 to 0.75 of height 
Char.lr,ter Spacing - 0.20 to 0.33 of height 
Line Spacing = 0.30 to 0.50 of height 
3.2.1.2,5.3 Character Size 
Height 0.125 inches, minimun 
3.2.1.2.5.4 Number of Intensity Levels 
Two, Ir,inimum 
3.2.1.2.5.5 Refresh Rate 
50 Hz, minimum 
3.2.1.2.5.6 Character Generation 
Stroke 
3.2.1.2.5.7 Position H~ 
1024 x 1024 (a,jdressable locations) 
3.2.1.2.5.8 Occlusion ~ 
A software selectable wcclusion zone shall exist at the bottom of 
any displayed presentatj.on. 
3.~.1.2.6 Display Information 
The EU shall be capable of storing for a read-only mode of operation 
at least 512 16-bit words of information. It shall be able t~ process this 
information as a display message, and special symbol arrays. 
3.2.1.2.7 Memory 
The nonvolatile Read and Write (R/W) memory shall consist of at least 
8196 16-bit words of information required to support refresh of the display 
unit for a given display presentation. The Read Only Mew~ry (ROM) shall be l~rge enough to contain all necessary di~play formats. 
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3.2.1.2.8 Built-in Test Equipment 
The EU shall provide BITE and self-test and in conjunction with the DU and Foy~oard Unit shall detect and indicate single-solid failures in the MFDS to a probability of 0.96 or better upon operator command. Failure detection and indication shall involve a test pattel-n, displayed on the DU, interpreted by an operator, Keyboard Unit inputs and a cooperative computer -Input/Output. I/O unit (i.e., to test the applicable data buses). Whenever a detected error occurs, the EU shall generate an G,rror signal f"r output to the computer(s) and keyboard control panel. 
3.2.1.2.9 Power 
3.2.1.2.9.1 Input Power 
The EU shall meet all the specified performance requirements when energiz~d by a prime source of 28 plus or minus 4 volts DC or 115 plus or minus 5 volts, 400 Hz AC having the characteristics defined by MF0004-002. In addition, the EU shall be capable of withstanding, without damage or data loss, the emergency transient char~~teristics defined in MF0004-002. 
3.2.1.2.9.2 Grounding and Isolation 
Provisions for equipment grounding; for isolation of circuitry from gr~unding, power returns, and shields; and for isolation of input power, normally and under failure conditions, shall conform to MF0004-002. 
3.2.1.2.9.3 Power Dissipa.li2!!. 
The EU shall be designed to dissipate the following amounts of power, under worst-case cooling conditions, without compromise to the temperature derating criteria established for components utilized therein. The derating criteria shall be compatible with the reliability objectives. 
a. Operation - 225 19atts 
b. Standby - 10 watts 
3.2.1.2.9.4 Power Conversion 
The EU shall convert primary input power to internal operating volt--ages as required. Conversion equipment and characteristics shall conform to the requirements of NF0004-002. 
3.2.1.2.9.5 Power-on Sequence 
Application of input power to the unit shall be sensed and shall initiate an orderly startup, reset, and initialization sequence. No special power-on sequence shall be required. 
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3.2.1.2.9.6 Power-off Sequence 
Removal of input power from ths unit shall be sensed and shall initiate an orderly power shutdown sequence. ,'special power-off sequence shall be required. 
3.2.1.2.9.7 Normal Power Transient 
Input power transients ,v.tthin the limits defined in Specification MF0004-002, Figure 1, shall not cause unit malfunction or sync anomalies. 
3.2.1.2.9.8 Abnormal Power Transients 
Input power transients wit.lin the limits defined in ME'0004-002, Figure 3, shall not cause equipment damage or spuri~us behavior. For under-voltage transients which exceed normal limits as defined in 3.2.1.2.9.7 above, execution of a shutdown/restart sequence is permissible. 
3.2.1.2.9.9 Power Interruption 
Loss of input power shall not cause any EU malfunction transmission of erroneous siguals nOl' create any operating anomal:!,es. 
3.2.1.2.10 Weight 
The weight of the digital elactronics unit shall not exceed 37 pounds. Weight excludes control and display (C&D) interfacing logic and circuits. 
3.2.1.2.11 Dj~ensions 
The Electronics Unit shall be contained in an enclosure not exceeding 7.62 inch height x 10.13 inch width x 19.62 inch depth. 
3.2.1.3 Keyboards 
Two keyboards shall be provided as specified herein. 
3.2.1.3.1 General Keyboard 
The general keyboa.rd at Panel L-IO shall be the primary device issu-ing commands to th~ computer for experiment control and display and for IPS commands. 'rhe Aft Flight Deck panel designations are presented in Figure 3.2-1; 
3.2.1.3.1.1 Key Functions 
The functions performed by each key shall be ident.ical to that of the Spacelab Keyboard specified in ~!aTRA EQ-MA-OOIO. 
3.2.1.3.1.2 Key Layout and Nomenclature 
The key layout and nomenclature aha11 be identical to the Spacelab keyboard specified in MATRA EQ-MA-OOIO. 
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3.2.1.3.1.3 Control and Status 
The keyboard shall contain the identical switches and indicators as the Spacelab keyboard. 
3.2.1.3.1.4 Built-in Test Equipment BITE' 
Sufficient monitoring circuits shall be incorporated within the key-board compatible with detecting 96 percent or better of the single-solid failures of the entire ~IFDS as stated in paragraphs 3.2.1.1.10 and 3.2.1.2.8. 3.2.1.3.1.5 Power 
a. Input Potqer - The keyboard shall meet all the specified performance requirements when energi~ed by a prime source of 28 plus or minus 4 volts DC or 115 plus or minus 5 volts, 400 H~ AC having the characteristics defined by MF0004-002. In addition, the keyboard shall be capable of withstanding, with-out damage or data loss, the emergency transient characteristics defined in MF0004-002. 
b. Grounding and Isolation - Provisions for equipment grounding; for isolation of circuitry from grounding, power returns, and shields; and for isolation of input power, normally and under failure conditions, shall conform to MF0004-002. 
c. Power Dissipation - The keyboard shall be designed to dissipate 10 watts maximum. 
d. Normal Power Transient - Input power transients within the limits defined in Specificat.ion MF0004-002, Figure 1, shall not cause unit malfunction or sync anomalies. 
e. Abnormal Power Transients - Input power ttansients tqithin the limits defined in MF0004-002, Figure 3, shall not cause equipment damage or spurious behavior. 
f. Power Interruption - Loss of input power shall not cause any keyboard malfunction transmission of erroneous signals nor create any operat-ing anomalies. 
The veight of the keyboard shall not exceed 15 pounds. 
3.2.1.3.1.7 Dimensions 
The keyboard shall be contained in an enclosure not exceeding 2.75 inch height x 16.63 inch width x 7.75 inch depth and mour.ted into a 19 inch panel/chassis per MI1-STD-189. 
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3.2.1.3.2 Secondary Keyboard 
A 32 key keyboard may be considered for the performance of the follow-ing functions in support of the display unit, located at Panal L-ll: 
a. Select a video channel for display from the CCTV system. 
b. Facilitate in manual pointing control operations such as selec-tion of the applicable instrumentation pointing system. 
c. Dedicated buttons such as "start reposition command" for cros£;-hair pointing. 
d. Other mission unique functions, including video overlay applica-tions. 
3.2.1.3.2.1 Power 
The power requirements for the secondary keyboard shall be identical to those specified in paragraphs 3.2.1.3.1.5.a through 3.2.l.3.1.5.f. 
3.2.1.4 SpeCial Features 
3.2.1.4.1 Crosshair Pointing 
Crosshair pointing is an efficient method by which an instrument (mounted on an instrument pointing system, IPS) can be positioned to a partic-ular area of scientific interest. 
3.2.1.4.1.1 Position Crosshair 
The EU shall accept two inputs which provide the horizontal and vertical positioning coordinates. The Ell shall generate the crosshair and position it on the display at the position specified by the two inputs. The EU shall con-vert the two inputs to a digital signal and output this digital signal (repre-sen,ting the crosshair position) to the computer. 
3.2.1.4.1.2 Reposition Command 
The Ell, upon command from the keyboard or momentary SWitch, shall send a start reposition command to the computer. This will cause the computer to initiate a repositioning sequence to the applicable instrumentation pointing system. 
3.2.1.4.1.3 Crosshair Updating 
The crosshairs shall track the IPS from the offset position to the center of the video presentation. The EU will be updated from the computer during the IPS translation. 
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3.2.1.4.1.4 Screen Center 
Capability shall be provided for displaYJng an electronic screen center indication. 
3.2.1.4.2 Video Display Unit - Line Resolution 
The black and white video display unit shall be capable of accepting both a 1000 line and 525 line composite video signal. The display unit upon command shall be able to switch from one to the other. The performance characteristics of the 525 line system shall conform to EIA standard RS-170. 
3.2.2 Physical 
The physical requirements for the MFDS are included under paragraph 3.2.1 presented herein. 
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3.2.3 Reliability 
Reliability provisions shall be in accordance with NHB 5300.4 (ID-l). 
3.2.3.1 Critical Single Failure Points 
As a design goal, the MFDS shall have 1.0 single failure that will jeopardize achieving the experiment objectives. In systems where this is not practical, sufficient safety margins should bEl used to minimize the probability of occurrence. 
3.2..3.2 Failure Deterrent and Detection 
The design shall incorporate the following: 
a. The MFDS shall be designed such that transient out-of-tolerance conditions or component failures will not cause other damage to, or failure of, other components. 
b. Threaded parts and fasteners shall be positively locked to prevent loosening during service. 
c. Bypass circuits used in checkout or calibration proceduras shall not override electrical system protective devices. 
d. Solid state switches and amplifiers shall be given preference over e1ectromechmnical relays and other vibration-sensitive electrical/electronic parts. 
e. Unidirectional components or piece parts shall be designed to pre-clude backward installation by using nonsymmetry of configuration, different connecting sizes, or comparable means. 
3.2.3.3 Reliability Goals 
The reliability goal of the MFDS operation shall be TBD. 
The probability that no MFDS failures will prevent successful ~~eriment command or display objectives shall be TBD for on-orbit operation. 
3.2.4 Maintainability 
The ~WDS elements subject to maintenance shall be designed, selected and installed to facilitate the performance of such tasks in a reasonable period. 
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of time with minimum hazard to equipment and personnel. Maintainability criteria in accordance with MIL-STD-lI70 sllall be used. The design shall pro-vide for maximum use of standard tools and test equipmant. 
3.2.4.1 Installation/Removal/Replacement Operations 
The installation or removal of the payload dedicated controls and displays panels or consoles shall be accomplished at the launch site upon the return of the Space Shuttle Orbiter. The se1-vicing of the payload ded-icated controls and displays panels or consoles shall be consistent within the payload turnaround time constraints as specified by J'SC 07700, Vol. XIV and JSC 07700, Vol. I-014-PIV-OI. 
The design shall provide for ease of removal, replacement, alignment, integration, and test. 
3.2.4.2 Scheduled Servicing 
The ~WDS design shall be such that scheduled maintenance frequencies for critical-limited items are not less than TBD years. 
3.2.5 Operational Availability 
This preliminary Part I CEI shall be updated as required by the PS Contractor. The PS Contractor shall maintain this document in the final Part I CEI form through the change control system established. 
The Part I CEI docuDtent shall be submitted at the Preliminary Design Review (PDR) for final approval by MSFC prior to the start of the Development Phase. Review Item Disposition (RIDs) written against the CEI and approved shall be incorporated into the Part I CEI. After acceptance by I.fSFC, this docnment will be Government property, and shall be formally controlled as such in accordance with the requirements of the procuring activity. 
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3.2.6 Safety 
Requirements for the MFDS necessary to preclude hazards to personnel and equipment shall be as specified in the Safety paragraph of JSC 07700, Volume XIV, or contained herein. Hazard definition, classification categor-ies, and hazard reduction precedence shall be as specified in NBB 5300.4 (ID-I), Safety, Reliability, Maintainability and Quality l'rovisions for the Space Shuttle Program, and NHB 1700.1, NASA Safety Manual. 
3.2.6.1 Crash Safety 
The MFDS or any part or component of the AFD core C&D shall not en-danger the crew as a result of the crash landing conditions spec~fied in the JSC-07700, Volume XIV. 
3.2.7 Environment 
3.2.7.1 Natural 
3.2.7.1.1 Transportation and Storage 
The MFDS shall perform as specified herein after exposure in a non-operating condition to any combination of the environments and ranges speci-fied in JSC-07700, Volume XIV and MJ070-0001-lB. 
3.2.7.1.2 Handling 
The MFDS shall perform as specified herein after exposure to the environmental ranges specified in JSC-07700, Volume XIV when handled unpackaged. 
3.2.7.2 Induced 
3.2.7.2.1 Flight Operational 
The MFDS shall be capable of meeting the operating performance require-ments specified herein during and after exposure to any feasible combination of the following conditions: 
a. Temperature: Minimum: 
Maximum: 
b. Pressure: Minimum: 
Maximum: 
c. Humidity: Minimum: 
Maximum: 
Minus 20°F (operational) 
Plus 35°F (full performance requi.rements) Plus 1200 F (full performance requirements) 
12.36 psia, continuous; 8 psia for 2 hours 18.0 psia 
8 percent relative 
100 percent relative 
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d. Sale Fog: Exposure to I-percent salt solution by weight 
e. Ligh tning: In accordance with JSC-07636 for indirect effects 
f. Random Vibration: 
1) Qualification - Acceptance Vibration Test (AVT) 
Acceleration Spectral Density 
20 to 80 Hz Increasing, at plus 3 dB/octave, to 0.067 g2/HZ 
<It 80 Hz 
80 to 350 Hz Constant at 0.067 g2/Hz 
350 to 2000 Hz Decreasing. at 3 dB/octave, from 0.067 g2/HZ 
at 350 Hz to 2000 Hz 
Durat:!.on: Five times AVT per axis 
2) Flight 
Acceleration Spectral Density 
20 to 150 Hz Increasing at plus 6 dB/octave. to 0.09 g2/HZ 
at 150 Hz 
150 to 900 Hz Constant at 0.09 g2/HZ 
900 to 2000 Hz DZcreasing, at minus 9 dB/octave, from 0.09 g /Hz at 900 Hz 
Duration: 48 minutes per aXis 
g. Acceleration: Plus a.,d minus 5 g's in· all major axes 
h. Shock 
---'-
1) Landing: Rectangular pulses of the following peak accelera-tions, time durations, and number of applications in the vertical (up) direction during landing; 
Acceleration Duration (g peak) ems) Application 
0.23 170 22 0.28 280 37 0.35 330 32 0.43 360 20 
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2) 
Acceleration Duratio,. (g peak) 
0.S6 
0.72 
1.50 
Transient: 
(ms) Application 
3S0 9 
320 4 
260 1 
5 to 35 Hz; plus and minus 0.25 g peak. 
(Transient shock may be simulated by vibration 
one sweep from S to 35 Hz at one octave per 
minute.) 
3.2.7.2.2 Nonoperational 
The MFDS shall be capable of meeting the operating performance requirement specified herein after exposure to the following conditions: 
a. Temperature: Minimum: Minus 6SoF 
Maximum: PIUB 120°F with extremes of lSOor for 6 hours per day 
b. Pressure: Minimum: 3.28 psia 
Maximum: 18.0 pSia 
c. Shoclt: 
d. 
1) Dench Handling: As specified in MIL-STD-810, Method S16.1, Pro cedU't"e V. 
2) Basic Design: 20-& terminal sawtooth shock pulse of Il-ms duration in each of three orthognal axes (both directions). 
3) Crash Safety: 40-g terminal sawtooth shock pulse of Il-ms duration in each of three orthognal axes 
Ozone: 
(both directiolls). Equipment and its mounting 
attachments shall not break loose, create a hazard to personnel, or prevent egress from 
crashed vehicle. Operating performance is 
not required after thi~ test. 
3 to 6 parts per hundred million (phm). Total oxi-dant concentrations may reach 60 phm for 1 to 3 hours in any 24-hour period. 
e. Fungus: As specified in MIL-STD-810. 
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3.2.8 Transportability/Transportation 
The MFDS shall be shipped in a GSE container specifically designed to 
protect the hardware during highway and air transportation. Vibration, 
shock, pressure, temperature, humiaity and contamination shall be controlled 
to levels specified below. Provisions shall be made in the MFDS structure 
fo' SUitable tie-down, lift dnd attachment points. All handling and trans-
portation equipment shall be compatible with applicable structural and environ-
mental limits. The MFDS shall be designed to be transported in either the 
horizontal or vertical position. 
3.2.9 Storage 
The ~WDS shall have a storage life of ten years. Control shall be 
maintained on all parts and materials which are sensitive to age or the stor-
age environments specified in paragraphs 3.2.7.1.1 and 3.2.7.1.2. These parts and 
materials shall be identified, and if deterioration is a factor during storage 
or after installation for use, the maintenance procedures shall indicate a 
replacement cy~le or the necessary retesting. 
3.2.10 Operability 
3.2.10.1 Ooerating Life 
i The MFDS shall be capable of performing all operations specified herein 
for a minimum of 18,000 hours. 
3.2.10.2 Useful Life 
rne MFDS shall have a minimum useful llfe of 24,000 hours which is 
equivalent to 100 orbital missions in a la-year period from date of delivery. 
The average orbital mission will be seven days; however, the design shall not 
preclude the capability to extend the orbital stay time up to 30 days. 
3.2.!0.3 Shelf Life 
The MFDS shall be capable of operating in accordance with the require-
ments specified herein for a time period of 10 years from date of delivery. 
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3.3 Design and Construction Standards 
3.3.1 Selection of Specifications and Standardo 
Specifications and standards necessary for the design and development of hardware, in addition to those specified in this document shall be selected in the following order of preference except as otherwise specified: 
a) NASA specifications and standards. 
b) Federal specifications and standards. 
c) Military specifications and standards (MIL, JAN, or MS). 
d) Other Governmental specifications and standards. 
e) Specification and standards released by nationally recognized associations, committees, and technical societies. 
f) Supplier specifications and standards. 
Specifications and standards shall be selected using MIL-STD-143 as a gUide. 
3.3.2 General 
3.3.2.1 Materials, Parts and Processes 
Materials, Parts, and Processes shall be in accordance with MSFC-STD-506. The contractor shall prepare and provide a materials selection and verification plan defining a proposed method for coordinating and officially documenting and approving all engineering drawings for flight hardware before design concepts are finalized. Approval of engineering drawings and all changes shall include sign-off by the materials and engineering discipline for each materials application utilized. 
3.3.2.2 Flammability Requireme~ts 
Materials used in the design of theMFDS or contained in equipment installed therein, shall be compatible with the flammability requirements spec-ified in NHB S060.lA. SE-004-002-2H shall be used as a gUideline to identify flammability hazards in air. 
3.3.2.3 Outgassing of Materials 
3.3.2.3.1 Internal Materials 
All materials used within the MFDS shall meat the requirements of MSFC-DWG-lOM9022l and MSFC-DWG-40MS1264. 
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3.3.2.3.2 External }mterials 
High vapor pressure materials on the eXterior surfaces of the MFDS in 1ine-of-sight with optically critical surfaces shall conform to the material requirements of MSFC-DWG-SOM02442. Materials not conforming to this require-ment shall be subwitted to MSFC for approval. 
3.3.2.4 Lubrication 
The lubrication for all moving parts exposed to the vacuum of space shall be selected in accordance with MSFC-STD-S09. 
3.3.2.5 Soldering 
Soldering of all e1ect:rica1 connections in the MlmS shall comply with NHB 5300.4(3A). Solder connections 'sha11 meet thE requirements of RA064-001-lA, Sections 4 through 15 for inspection purposes, except that references to NASA Quality Publication NPC200-4; MSC Supplement to NPC200-4, MSC-ASPO-S-bA; and MSC-ASPO-S-5C, MSC-ASPO Soldaring Specifi"ation shall be deleted and replaced by NI1B·5300.4(3A). Any requirement of RA064-001-lA that is incon-sistent with the provisions of NHB 5300.4(3A) is superseded by NHB 5300.4(3A). 
3.3.2.6 Restriction of Use of Mercury 
Mercury in liquid or vapor form shall not be used in the MFDS. Where no satisfactory substitute exists or an alternate design or method cannot be used, the justification for the use of mercury, the protection provided to prevent its release, and a plan for dacontamination in the event of its re-lease shall be submitted to NASA/MSFC for approval. 
3.3.3 Aeronautical 
Not applicable. 
3.3.4 Civil 
Not applicable. 
3.3.5 Electrical 
3.3.5.1 Electrical Wiring 
a. The wiring installation shall consist of ~ab1e harnesses where required. All wire bundles, harnesses and cables extl~rna1 to the component or vehicle sha~.l conform to HSFC-DWG-40M39SB2. Wire used in cable harnesses shall conform to Specification MIL-C-17. 
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b. When etching of wire insulation is required in the MFDS to provide satisfactory bonding to potting materials, the open end of the wire shall not be exposed to the etchant. The preferred process is to form thb wire into a 
"u" shape, inunerse only the bent portion in the etchant, and held the open ends above the etehant level. The unetched end of the wire shall not be cut off prior to neutralization of the etchant. Electrical wire ',r cable insulated or coated with polyetrafluoroethylene or fluorinated ethylene propylene shall be etched prior to potting to assure mechanical bond strl:ngth and environmental seal. Potting shall be accomplished within three we~ks ~fter etching. 
3.3.5.2 Electrical Connector Keying 
All electrical plugs and receptacles used :!n the AFD core C&D panels shall be keyed or otherwise configured to prevent incorrect connection with other accessible plugs or receptacles. 
3.3.5.3 Electrical Connector Pin Assignment and Pin or Socket Selection 
a. Electrical circuits for the AFD core C&D panels shall not be routed t~rough adjacent pins of an electrical connector if a short circuit between them t~ould constitute a single point failure as defined in paragraph 3.2.3. 
b. Cable connections of the AFD core C&D panels shall be designed so that pin and socket connectors ar~ properly used to prevent power from shorting to ground. They also shall be designed co protect per~onnel both when con-nected and disconnected through the use of dead facing, explosion-proof con-nectors, or similar mea~s. 
3.3.5.4 Protection of Electrical and Electronic Devicp~ 
Electrical and electronic devices used in the MFDS shall incorporate protection against reverSe polarity or other improper electrical inputs dur-ing qualification, acceptance, and other tests if such inputs could damage the deVices in a way that would not be immediately and unmistakablY apparent. 
3.3.5.5 Electrical and Electronic Piece-Parts, Closure Construction 
Electrical and electronic piece-p~rts with all welded closure con-struction shall be used in preference to piece-parts with other types of closure construction. Other types of construction may be used if adequate program controls are imposed to assure that internal contamination cannot caUSe part degradation and failure under Zero gravity environment. 
3.3.5.6 Electrical Grounding 
a. Primary DC Power Grounding - The MFDS negative buses shall be ref-erenced to structure at one point. The conductor from the main pOWer return point to the single-point ground shall be designed to carry the maximum fault current. The single point ground shall be capable of being connected to the Shuttle. 
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b. Component Grounding - The primary DC pOt~er shall be isolated from 
all component structure. The component case ground shall be per MIL··B-5087B. 
3.3.5.7 Electromagnetic Interference 
3.3.5.7.1 Electromagnetic Compatibility (EMC) 
The MFDS shall be designed for electromagnetic self-compatibility 
and for electromagnetic compatibility (EMe) for all phases of the mission, 
and for EMC with the Orbiter AFD during on-orbit operations. The electrical 
and electronic equipment shall not be a source of, nor be susceptible to, 
electromagnetic interference as defined by MIL-STD-461A and 462. 
3.3.5.7.2 Corona Suppression 
Electrical and electronic subsystems and components shall be deSigned 
so that their proper performance will not be impaired by corona discharge in 
normal operating environments and shall not be a source of interference which 
adversely affects the operation of other equipment. 
3.3.5.7.3 Lightning Protection 
Electrical and electronic components shall be adequately protected 
from high currents induced by the lightning occurring at the launch site. The 
case ground shall be accomplished with the case connected to the structure 
through 10l~impedance conductive mounting surfaces. Where shock mounts or 
thermal isolation prevent this, then wide, flat, short bonding jumpers may be 
used in accordance with the bonding specification MIL-B-5087. 
3.3.!i Mechanical 
3.3.6.1 DeSign Safety Factors 
The design safety factors shaJ.l have an ultimate safety factor of 3.0 
and a y.ield safety factor of 2.0. 
3.3.6.2 Fastaners 
Threaded fasteners used for securing a single component, wherever 
possible, shall be the same type, size end ten3ile strength. Use of blind 
fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC-
STD-486. 
3.3.6.2.1 Accessibility of Fasteners 
Assembly and subassembly installations shall be designed such that 
access to threaded fasteners may be accomplished with the use of conventional 
tools. 
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3.3.6.2.2 Screw Threads 
Screw threads for threaded fasteners used on Shuttle system hardware (except for GSE) shall be of unified thread form, Class 2, in accordance with MIL-S-7742 or MIL-S-8B79, as applicable: 
a. Haterial tensile ultimate strength levels up to, but not including, 160 KSI may be threaded per HXL-S-7742 or MIL-S-8879. Rolled threads are preferred. 
b. Material strength levels of 160 KSI and abo've sha1.l be threaded per 11IL-S-8879. External threads shall be rolled after heat treatment. Screw threads used on airborne fluid systems fittings shall be of unified thread form, Class 2, in accordance tvith MIL-S-77l r2 or HIL-S-8879. 
3.3.7 Nuclear 
Not applicable. 
3,~.8 Hoisture, Humidity, and Fungus Resistance 
Except as otherwise required by detail design considerations, only materials which resist the corrosive action of salt air and damage from moisture/humidity and fungus shall be used which conforms to MIL-STD-8l0. 
3.3.9 Corrosion of Metal Parts 
Hatal parts shall be protected from corrosion by stress-relieving, plating, anodizing, chemical coatings, organic finishes, or combination there-of, provided that such protection is compatible with the operating and space environmental requirements. 
3.3.9.1 Dissimilar Metals 
Dissimilar metals, as defined in MIL-STD-889, shall not be used in combination unless they are suitably coated to prevent electrolytic corrosion. 
3,3.9.2 Finish 
The MFDS finish shall be in accordance with MSFC-SPEC-250, except for special thermal finishes. 
3.3.10 Contamination Control 
The MFDS cleanliness requirement is lOOK clean class per FED-STD-209. 
3.3.11 Coordinate System 
Not applicable. 
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3.3.12 Interchangeability and Replaceability 
The MFDS shall be desIgned for ease of menufacture, assembly, inspectio and maintenance. Insofar as practicable, the MFDS subpanels shall be inter-changeable and/or replaceable in accordance with MIL-STD-189. The MFDS sub-panels will be designed for installation in both the Orbiter AFD or the Spacela pressurized module. 
3.3.13 Identification and Marking 
3.3.13.1 Identification of Parts 
Each part fabricated shall be identified with a part number. The same specification or part number shall be used to identify all like materials, processes, and parts. Seller shall assign a new part number to the part when authorized changes make the superseded part not interchangeable with respect to interface, reliability, safety, logistics, traceability or performance. For traceable items, the part identification shall additionally include the manufacturer's identification code in accordance with DOD Handbook H 4-1, and be lot numbered or serial numbered when required. 
3.3.13.2 Supplier Part Number 
The supplier part number, Hhich is equivalent to the MFDS procurement part number, shall be in accordance with HIL-STD-13D. 
3.3.13.3 Identifi~ation of All Development/Qualification Test Specimens 
Test specimens shall be permanently and obviously identified prior to testing with the words "ENG. TEST ONLY" in addition to the identifica-tion required by the dralqing/specification to preclude their use on production items. The letters shall be indelible and provide a distinctive and vivid contrast Hith the, color of the specimen. The lettering size and identifica-tion location shall be clearly visible to casual observation. Materials used for the identification shall be compatible with the test specimen and its operating environment. lihen the size or configuration of the test speLi-ment is such the identification cannot appear on the specimen, other suitable means such as attached metal tags shall be used. 
3.3.13.4 Nameplates 
Nameplates shall be marked in accordance with MIL-STD-130 and shall include item name; buyer's part number; Federal North Atlantic Treaty Organi-zation Stock Number (FSN/NATO); manufacturer; buyer; manufacturer's serial number, part number. Abbreviations, in accordance with MIL-STD-12, may be used. 
3.3.13.5 Identification of lUring 
Identification of wiring shall not degrade insulation or shielding. 
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3.3.13.6 Electrical and Electronic Reference Designations 
Electrical and electronic reference designations shall Je affixed to the hardware in accordance with the USAS Y32.16-1968 (for external electrical connectors) • 
3.3.13.7 Electrical and Electronic Symbols 
If ~chematic information is affixed to the MFDS, the electrical and electronic symbols shall oe in accordance with the requirements of USAS Y32.2-1967. 
3.3.13.8 Reidentification 
The part number of the MFDS, its components, and parts shall be changed whenever redesign results in a change to dimensional form, fit tolerance, or functional characteristics from the previous configuration. 
3.3.14 Workmanship 
Workmanship on the MFDS shall be in accordance with the best practice for high quality equipment within the state of the art. 
3.3.15 Human Performance/Human Engineering 
The design shall consi .e capabilities and limitations of the human operator wherever a man-ma,-.dne interface exists, including torques, forces, and other functional design characteristics of controls, displays, and work stations. The principal design guide for the man-machine interface shall be HIL-STD-1472 and HSFC-STD-512. 
3.4 Logistics 
3.4.1 Maintenance 
a. The MFDS shall not require scheduled maintenance. 
b. The MFDS shall not be designed to preclude the use of special tools and equipment for site maintenance and repairs. Special tools, if required, and approved by the buyer, shall be deSigned to withstand the intended use throughout the life of the equipment. 
c. The MFDS shall be designed to satisfy the requirements of a Line Replaceable Unit (LRU). 
d. The NFDS shall be designed so that routine corrective maintenance cen be accomplished by the replacement of Shop Replaceable Units (SRUs). The MFDSdesign shall be such that isolation to a single malfunctioning SRU can be accomplished during bench maintenance utilizing the LRU interface connectors, BITE or the addition of a system GSE test connector is permissible to provide this isolation capabilit-y. 
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e. The necessity for any maintenance servicing or checkout tasks, other than built-in test capability, to be accomplished during flight is pro-hibited. 
3.4.1.1 Installation 
a. The equipment design shall physically prevent the incorrect instal-lation of modules and submodules. Clearly visible color coding and labeling in close proJ,imity to maintenance disconnect points shall be used to facilitate removal and replacement of any subassembly level of equipment. 
b. Components shall be mounted in a manner to avoid blind adjustments. 
c. Threaded fasteners used for securing a single component, where practical, shall be the same type, size, and tensile strength. 
d. Captive fasteners shall be utilized to fasten LRUs. 
3.4.1.2 Acc~~sibility 
a. Electrical connectors shall be accessible without disassembly or removal of functional equipment or components. 
b. Servicing and t~st points shall be clearly marked and shall be accessible without requiring removal of access plates or covers except service caps. Calibration controls shall be accessible and clearly marked for major functions. 
c. All fasteners on a single access cover shall be of the same length, diameter, and type. 
3.4.1.3 Replacement 
a. Mounting ~rovisions shall permit SRU removal and replacement without disconnecting any equivalent level SRU in the line replaceable unit. If removal of & LRU structural element is required for access, such removal shall not affect electrical or mechanical alignment, nor shall the mechanical strength of the unit be impaired to the point that bending of the unit, its assemblies, elec-trical harnesses, or plumbing attachments will occur during norlan1 bench handling of the unit. 
b. Attachment fittings for components routinely remov~d shall he oper-able without hand tools and shall be accessible without requiring removal of access panels or covers. 
3.4.2 Supply 
The components, subassembly and assembly panels which make up theAFD core C&D design shall be recorded on delivery and tracked to assure that these 
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components, subassemblies, and assemblies are available in stock and ready for use hy each subsequent activity phase that may impact or influence the design. 
The following information records shall be maintained for each of the items: 
a. Part numbers 
b. Name of parts 
c. Quantity required and available 
d. Required delivery sites 
e. Planned use sites 
The above records will provide the required information to assure availab.t1ity of items, and provide sl.!.fficient time to resupply components if it may appear that a shortage could occur prior to the next operation. 
3.4.3 Facilities and Facility Equipment 
Procured parts and mateirals will be received, inspected and stored in existing facilities. These same facilities will provide a bonded area which will store the qualified ·and acceptance tested parts or assemblies prior to delivery. 
No new or unique facilities will be required for the logistic require-ments. 
3.5 Personnel and Training 
Standard aerospace management, engineering, manufacturing, product assurance, and test practices as applied to prior space programs as Gemini, Apollo, Skylab, etc. will be utilized for the PS contractor's design/develop-ment phase. 
This approach will enable these space program practices to be applied to the PS contractor's activities and, thereby, no new requirements will be needed for personnel training, training equipment and facilities. 
MSFC or its designated Government quality representative will verify the adequacy of the discipline practices utilized. 
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3.6 Interface Requirements 
3.6.1 Interprogram Interfaces 
Interfaces between the AFD core C&D'program, of which this specifi-cation is a part, and other progr~~ (e.g., Orbiter, Spacelab, IUS) will be controlled by ICDs to be supplied by the Phase c/n contractor for mechanical electrical and software interfaces. 
3.6.2 Intraprogramlnterfaces 
The relationship between this CEI and the other CEIs within the AFD core C&D program is shown in Figure 3.6-1. Each CEI (.,roject level) 
defines the specific interface requirements applicable to the individual project. 
MFDS MMSE 
CEI CEI 
I I 
1;'igure 3.6-1 Intraprogram CEIs 
3.6.3 Intraproject Interfaces 
Not applicable 
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4.0 VERIFICATION 
The verification program is designed to verify that the MFDS hardware 
conforms to the design, construction, and performance requirements as specified 
in Section 3 herein. Each requirement presented in Section 3 will be verified 
by test or assessment as specified in Section 4. 
4.1 General 
The following subparagraphs specify the organizational responsibility 
for accomplishing verification, verifical:ion methods to be used, requirements 
for test/equipment failures, and requirements for phased verification. 
4.1.1 Responsibility for Verification 
Organizational responsibilities for performing and supporting verifi-
cation during the various verification phases of Paragraph 4.2 shall be as 
defined herein. Responsibilities are defined as primary and supportive. It 
shall be the Government's right to witnass and verify the results of all 
verification accomplished. 
Verification 
Phase 
*Organizational Responsibility for Verification. 
Primary Supportive or Witness 
1. Development 
2. Qualification 
3. Acceptance 
*Leg\!nd 
MSFC NASA-MSFC 
PS Contractor 
PS Contractor 
PS Contractor 
4.1.2 Verification Method Selection 
MSFC 
MSFC 
MSFC 
Verification methods shall include test during each verification 
phase as applicable; or assessment by similarity, analysis, inspection, demon-· 
stration, and validation or records. These methods are defined in paragraph 
4.3.1. 
4.1.2.1 Design Margin Verification Selection 
Where integrity is verified by analYSis only, the following factors 
of safety shall be used: 
Yield Factor of Safety 2.0 
Ultimate Factor of Safety - 3.0 
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4.1.3 Flight Hardware Failures 
Failures of MFDS hardware occurring during qualification, acceptance 
and integrated system testing shall require a complete analysis of each fail-
ure and corrective action documented by a non-conformance report. The PS 
contractor shall secure agreement from the designated NASA representative 
concerning adequacy of the corrective action before these tests can be resumed 
after the occurrence of each failure. Retest or assessment shall be performed 
to establish the adequacy or corrective action and restore validity of pre-
vious testing. The PS contractor shall report immediately to MSFC any 
unusual phenomenon, occurrence, difficulty, or questionable condition occur-
ring in the conduct of the test. 
4.1.4 Test/Equipment Failures 
Test policy for the MFDS shall include tests which demonstrate a 
completely checked out end item within specificat!"" performance of all sys-
tems for flight readiness. To this end, the tes •• 'ogram shall encompass: 
all component and system malfunctions corrected or satisfactorily explained 
and accepted to certify flight readiness, and appropriate reverification 
required following equipment replacement because of failure or other reasons. 
Retest shall be performed after failure or equipment replacement to 
the extent necessary to restore confidence in the equipment. The retest 
requirements shall be specifi'ed at time of failure or replacement and shall 
be a part of the controlling documentation. Reverification may be deferred 
to the next scheduled functional test of the affected hardware. Reverifica-
tion must be accomplished prior to launch for flight equipment. 
4.2 Phased Verification Requirements 
Phased verification of the Section 3 requirements shall be as specified 
in the Paragraph 4.3 Verification Cross Reference Index. Definitions of the 
verification phases follow in Paragraph 4.2.1 through 4.2,8. 
4.2.1 , Development 
Development verification is the process for verifying the feasibility 
of the design approach and to provide confidence in the ability of the hard-
ware to pass qualification. ~lliere visibility and control of vendor hardware 
development is required, appropriate direction shall be included in the 
applicable procurement drawings/specifications. 
4.2.2 Qualification 
The MFDS including all components shall be qualified prior to launch. 
l~ere visibility and control of vendor hardware is required, appropriate direc-
tion shall be included in the applicable procurement drawings/specifications. 
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Test types, durations and levels shall be specified. Qualification shall be accomplished by anyone or more of the following: 
a. Test - Qualification Testing. 
b. Assessment - (1) Similarity; (2) Analysis; (3) Inspection; (4) Demon-stration; (5) Val:Ldation of Records. 
Qualifica,ion testing methods are defined in the followj.ng par.agraphs. Assessment methods definitions are presented in Paragraph 4.3.1. 
4.2.2.1 Qualification Testing 
Qualification testing is an individual or series of performance/func-tional and environmental tests conducted on flight hardware at environmental test conditions normally more severe than acceptance test conditions to estab-lish that the hardware will perform satisfactorily in the use environments with sufficient margin. 
4.2.3 Acceptance 
The MFDS including all components, shall be acceptance tested prior to launch. ~~ere visibility and control of ven~or hardware is required, appropriate direction shall be included in the applicable drawings/specifi-cations. Test types, durations and levels shall be specified. Acceptance testing shall be applicable to component through system level. 
4.2.3.1 Component Acceptance Testing 
Component acceptance tests consist of performance/functional and acceptance level environmental tests to assure compliance wlth required specifications. This testing is conducted to detect manufacturing flaws and workmanship defects that cannot be detected by normal inspection tech-niques as well as verify functional conforrna,.=e to design specifications including environmental exposures. 
4.2.3.2 Subsystem/Systems Acceptance Tests 
These tests shall be performed as appropriate following component acceptance tests to demonstrate compliance to specifications. Subsystem and system verification in various operating modes and interfaces at normal flight supply voltages will be considered. 
4.2.3.3 MFDS Acceptance Testing 
The MFDS shall be acceptance tested as an end item prior to its delivery to the next higher level of hardware assembly. Testing includes system to system interface checks, operation of individual MFDS systems, 
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combined systems functional and mission sequence simulation tests. Test types, durations and levels shall be specified. 
4.2.4 Integrated Systems 
This phase consists of the testing performed after the mating of the MFDS with the Orbiter or Spacelab subsystems, and will be the responsibility of the Mission Contractor. The PS Contractor shall support the Mission Contractor. 
4.2.5 Prelaunch Checkout 
This phase of testing will be the responsibility of the Mission Contractor, anddthe PS Contractor shall support the Mission Contractor. 
4.2.6 Launch 
This phase of testing will be the responsibility of the Mission Contractor, and the PS Contractor shall support the Mission Contractor. 
4.2.7 Flig~t/Mission Operations 
This phase of testing will be the responsibility of the Mission Contractor. 
4.2.8 Post-Flight 
This phase of testing will be the responsibility of the Mission Contractor. 
4.3 Verification Cross-Reference Index 
The verification cross-reference index provides a one-for-one cross reference of each verification requirement for each Section 3 requirement. Verification shall be by test or assessment. Test types and phases were described in Paragraph 4.2. Assessment methods are described below. 
4.3.1 Assessment Methods 
Assessment methods include: (a) similarity; (b) analysis; (c) inspec-tion; (d) validation of records; and (e) demonstration. A brief definition of the methods as used herein follows: 
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a. Similarity - Qualification by similarity shall be considered if it can be demonstrated, by review of prior test data or application of hard-ware (flight or usage experience), that the article is similar or identical in design and manufacturing process to another article that has previously been qualified to equivalent or more stringent environmental criteria (e.g., Skylab, Apollo and/or Gemini hardware). 
b. Analysis - Analysis may be used for verification in lieu of, or in addition to testing to verify compliance to specification requirements. The selected techniques may include, typically, systems engineering analysis, statistics, qualitative analysis, analog, modeling, and computer simulations. AnalYsis may be considered when it can be determined that: 
1) Rigorous and accurate analysis is possible. 2) Test is not cost-effective. 3) Similarity is not applicable. 4) Verification by inspection is not adequate. 
c. Inspection (End-Item) - Inspection techniques (e.g., verif~cation of complianc£ with drawings, wire coding, material compliance, etc) may be used in lieu of or in conjunction with testing to verify design features (e.g., dimensions, bonding, assembly methods, etc). 
d. Validation of Records - Manufacturing records may be used at end-item acceptance to verify latent construction features and processe= for flight hardware and associated support equipment. 
e. Demonstration - Demonstration techniques (e.g., service access, tranportability, crew-hardware interfaces, replacement provisions, etc) may be used in lieu of or in conjunction with test to verify compliance with the requirements. 
4.3.2 MFDS Verification Requirements Matrix 
Verification requirements for Section 3 paragraphs are identified in Table 4.1. The left-hand column of the matrix identifies each Section 3 requirement by paragraph number and where required, by sentence number of the paragraph. The verification methodes) for the various verification phases are presented in the matrix. The right hand column identifies the applicable Verification Plan paragraph number which defines and directs implementa-tion of each verification requirement. 
4.4 Test SURRort Requirements 
Test support including test facilities and equipment, bench setups, test software and test interfaces shall be as defined. 
4.4.1 Facilities and Equipment 
a. Existing facilities/equipment with NASA or other Government agencies and contractors shall be utilized to the maxinrum extent practicable. 
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b. MFDS test activities including test facilities/equipment, person-nel, and procedures shall be established and included in the Verification Plan. 
c. Maximum use of the same or common MFDS test equipment shall be used for testing at mUltiple locations to assure uniformity of test results. 
d. All test equipment shall be designed with a fail-safe goal such that test equipment failure will not degrade flight hardware. All test equip-ment ~hall be tested prior to interfacing with flight equipment to ensure that no c.amage or degradation to flight hardware will be induced. Appropriate tolerances shall be identified in the procedures, taking into account test equipment capabilities and flight hardware specifications, such thac the test results will verify compliance with the flight hardware specifications. 
4.4.2 Articles 
Test articles, if required to support the test program, shall be as identified. 
4.4.3 Software 
Requirements governing software utilization in support of verification operations shall be as identified. 
4.4.4 Interfaces 
Where verification requires interfacing of the MFDSwith other STS Project facilities/equipment, the Mission contractor shall direct and support the test activities in accordance with the applicable contractual agreement(s). 
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TABLE 4-1 \~RIFICATION CROSS-REFERENCE 
REQUIREHENTS FOR VERIl'IGATTON 
NOMENCLATURE: 
CEI NO. 
VERIFICATION METHOD 
1. TEST 
2. ASSESSMENT 
a. SIMILARITY 
h. ANALYSIS 
c. INSPECTION 
d. Dill!ONSTRATION 
e. VALIDATION OF RECORDS 
N/A = NOT APPLICABLE 
PERFORMANCE/DESIGN 
REQUIREHENT REFERENCE 
"II/A 
3.2.1.1 Display Units 
3.2.1.1.1 Brightness 
3.2.1.1.1.1 ~lanua1 Brightness Contro' 
3.2.1.1.1.2 Automatic Brightness" 
3.2.1.1.2 Contrast 
3.2.1.1.3.1 TV Scan Resolution 
3.2.1.1.3.2 Line Width 
3.2.1.1.3.3 Resolution 
3.2.1.1.3.4 Video Bandwidth 
smm'l' 1 01' 7 I CRIT. CAT: I • I 
ICEI SPEC NO. i 
, 
, 
VERIFICATION PHASES 
i A. DEVELOPMENT 
B. QUALIFICATION 
C. ACCEPTANCE 
D. INTEGRATED SYSTEM I 
E. PRELAUNCH CHECKOUT 
F. FLIGHT VERIFICATION 
G. LAUNCH 
H. POST FLIGHT 
VERIFICATION METHOD TEST/ASSESSMENT 
A B C D 
1 1 1 
1 1 1 
2d 2d 2d 
·1 2d 2d 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
1 1 1 
'---- ~ 
E F G H REQUIREMENT REFERENCE 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.3.1.e 
4.2.1, 4.3.1.e 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
I 
I 
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Table 4-1 Verification Cross-Reference 
REQUIREMENTS FOR VERIFICATION 
SHI:ET 2 OF 7 I NOHENCLA.TUaE: 
-
.. (CRIT CAT: lCEI NO. I CEI SPEC NO. Plln FOnHANcll/DES ICN VERIFICATION HETHOD TEST/ASSESSMENT REQUIREMENT REFERENCE N/A A B C D E F G R REQUIREMENT REFERENCE 3.2.1.1.4 Lineari~~ 1 1 1 4.2.1, 4.2.2, 4.2.3 ~.2.1.1.5 Jitter 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.6 Position Stability 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.7 Positional Error 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.8 Display Centering 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.9 Phosphor 2d 1 1 ~.3.1.e, 4.2.2, 4.2.3 I 3.2.1.1.10 Bite 1 • 1 4.2.1, 4.2.2, 4.2.3 
I 
J. 3.2.1.1.11 Color 2d d 2d 4.3.1.e 3.2.1.1.12 Screen Area ilc 
- - 4.3.1. c 3.2.1.1.13.1 Input Power 1 1 1 4.2.1, 4.2'~1 4.2.3 3.2.1.1.13.2 Grounding & Isolation c 
- - l:-.3.1 . .; 3.2.1.1.13.3 Power Dissipation 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.13A Pot<er Conversion 1 1 1 4.2.1, 4.2.2, 4.2.3 
-
3.2.1.1.13.5 Power-on Sequence 1 1 1 4.2.1, 4.2.2, 4.2.3 
-
3.2.1.1.13.6 PQWer-off Sequence 1 1 1 
--
4.2.1, 4.2.2, 4.2,3 3.2.1.1.13.7 Normal Power Transient 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.1.13.8 Abnormal Power Transients 2b 
- - 4.3.1.b 
• 
3.2.1.1.13.9 Power Interruption 1 1 1 4.2.1, 4.2.~, 4.2.3 -3.2.1.1.14 Weiiht 2d 
- - 4.3.1.e . 3.2.1.1.15 Dimensions 2c 
- - 4.3.1.c 3.2.1.2 Electronics Unit 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.1.2.1 Symbol Arrays 1 1 1 4.2.1, 4.2.2, 4.2.3 3.2.l.2.~ ~~bo1 Elements 1 -~ 1 4.2.1, 4.2.2, 4.2.3 - -< --------.~ - --
-
- -
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Table 4-1 V('rlfication Cross-Reference 
IlEIjUIltEMEN'fS FOR VERIFICATION SHEET 3 OF 7 
NOHENCLATURE : I CRIT CAT: . I CEI SP;-NO • --CEI NO. 
.-.-
PERFORMANCE/DESIGN VERIFICATION METHOD TEST/ASSESSMENT REQUIREMENT REFERENCE N/A A B C D E F G H REQUIREMENT REFERENCE 
3.2.1.2.3.1 Circles 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.3.2 Vectors 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.1 Flash 1 1 1 4.2.1, 4.2.2, 4.2.3 
• 3.2.1.2.4.2 Dash 1 1 1 4.2.1, 4.2.~, 4.2.3 
3.2.1.2.4.3 Rotate , 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.4 Translation 1 1 1 '4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.5 Character Size 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.6 Intensity 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.7 Blanking 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.8 Text Presentation 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.9 Scratch Pad 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.4.10 Computer Specified Symbols 1 1 1 4.2.1, 4.2.2, 4.l.3 
3.2.1.2.5.1 Text Data 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.5.2 Character Relationships 1 1 1 4.2.1, 4.2.2, 4.2.3 
. 3.2.1.2.5.3 Character Size 2d 2d 2d 4.3.1.e 
-3.2.1.2.5.4 Number of Intensity Levels 2d 2d 2d 4.3.1.e . 
3.2.1.2.5.5 Refresh Rate 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.5.6 Character Generation 2c 
- - 4.3.1.c 
-3.2.1.2;5.7 Position Matrix 2c 
- - 4.3.1.c 
3.2.1.2.5.8 Occ1ual.on Zone 2d 
- - 4.3.1.e 
3.2.1.2.6 Display Information 1 li- i!. 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.7 Memory 2c 
- - 4.3.1.c 
3.2.1.2.8 Bite 1 1 1 4.2.1, 4.2.2, 4.2.3 -- -----
, '-
-'-
___ . ___ L-
.. -
- -- ----.--
-.,~-"---------~-,",,,~--,- ,«. 
I 
i 
l .. ~ ...... ....-...--~----.-... "--- ! ." " • w' ,",,,_0., ~:Jhl\tlMj .. t 'Ii« .. dlJl!l HI I Ii ill." riM 
t-
, 
""" 
co 
Table 4-1 Verification Cross-Reference REQUIR~reNTS FOR VERIFICATION 
SHEET 4 OF 7 
NOHENCLA.TURE: 
.1 eRIT CAT: CEl NO. I eEl SPEC NO. PERFORMANCE/DESIGN VERIFICATION METHOD TEST/ASSESSMENT 
REQUIREMENT REFERENCE 
NIA A 13 C D E F G R REQUIREMENT REFERENCE 3.2.1.2.9.1 Input Power 1 1 1 4.2.1. 4.2.2, 4.2.3 
, 3.2.1.2.9.2 Grounding & I~o1ation 2c 
- - 4.3.1.c 3.2 .• 1.2.9.3 Power Dissip' >n 1 1 1 4.2.1, 4.2.2, 4.2.3 
I 3.2.1.2.9.4 Pot<er Conversion 1 1 1 4.2.1, 4.2.2, 4.2.3 
I 3.2.1.2.9.5 Power-on Sequence 1 1 1 4.2.1, 4.2.2, 4.2.3 
I 3.2.1.2.9.6 Power-off Sequence 1 1 1 
'4.2.1, 4.2.2, 4.2.3 
3.2.1.2.9.1 Normal Power Transient • 1 1 4.2.1, 4.2.2, 4.2.3 
J. 3.2.1.2.9.8 Abnormal Power Transients 2b 
- - 4.3.1.b r 3.2.1.2.9.9 Power Interruption 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.2.10 Weight 
2d 
- - 4.3.1. e 3.2.1.2.11 Dimensions 2c 
- - 4.3.1.c 3.2.1.3.1 General Keyboard ~c - - 4.3.1. c 3.2.1.3.1.1 Key Functions 1 
- 1 4.2.1, 4.2.3 
3.2.1.3.1.2 Key Layout & Nomenclature 2c 
- - 4.3.1.c 3.2.1.3.1.3 Control & Status 
fC 
- - 4.3.1. C 3.2.1.3.1.4 Bite 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.3.1.5 
Ca) Input power 
1 1 1 4.2.1, 4.2.2, 4.2.3 
(b) Grounding & Isolation 
.c 
- - 4.3.1.c (c) Power Dissipation 1 1 1 4.2.1, 4.2.2, 4.2.3 ~Ldt Normal Power Transient 1 1 1 4.2 1 4.2.2 4.2.3 
(~, Abnormal Power Transients 2b 
- - 4.3.1.b 1 1 1 
-
i 
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NOHIlNCLATURE: 
.ICRIT CAT: 
,CEI NO. I CEI SPEC NO. 
PERFORMANCE/DESIGN rERIFICATION ~IETHOD TEST/ASSESSHENT i REQUIR~IENT REFERENCE REQUIREHENT REFERENCE . N/A A B C D E F G R 
! 3.2.1.3.1.6 Weight 2d 
- - 4.3.1.e 
13.2.1.3.1.7 Dimensions 2c 
- - 4 3 1.c I 3. 2.1. 3.2 Secondary Kev boa rd I 1 1 1 4.2 1 4.2.2, 4.2.3 i 
I 3.2.1.3.2.1 Power 
I (Verification l1ethod same as 3.2.1.3.15 a hrt f) 
3.2.1.4.1 Crosshair Pointing 1 
-
1 "4.2.1, 4.2.3 
3.2.1.4.1.1 Position Crosshair 1 
-
1 4.2.1, 4.2.3 
3.2.1.4.1.2 RepOSition Command 1 
-
1 4.2.1, 4.2.3 
3.2.1.4.1.3 Cross hair Updating 1 
-
1 4.2.1, 4.2.3 
3.2.1.4.1.4 Screen Center d 
- - 4.3.l.e 
-3.2.1.4.2 Video Display Unit- 1 1 1 4.2.1, 4.2.2, 4.2.3 
:'ine Resolution 
3.2.2 Physical 2c 
- - 4.3.1.c 
3.2.3 Reliability X 
-3.2.3.1 Critical Single Failure Points 1 4.2.2 
3.2.3.2 Failure Deterrent and Detection 1 4.2.2 
3.2.3.3 Reliability Goals 1 4.2.2 
3.2.4 Haintainability X 
--3.2.4.1 Installation/Removal/Replacement 1 4.2.2 
Operations 
3.2.4.2 Scheduled Servicing 1 4.2.2 
3.2.5 Operational Availability X 
3.2.6 Safety 1 4.2.2 - -- ---
-----
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Table 4-1 Verification Cross-Reference 
REQUIREl-1ENTS FOR VERIFICATION i No~mNCLt\TURE: 
CHI NO. I CEI SPEC NO. PERFOIU>lANCE/DES WN VERIFICATION METHOD REQUIREMENT REFERENCE NIA A B C D E F' G H 3.2.6.1 Crash Safety 1 4.2.2 3.2.7 Environment X 
3.2.7.1 Natural X 
3.2.7.1.1 Transportation and Stora2e 1 4.2.2 3.2.7.1.2 Handling 1 4.2.2 3.2.7.2 Induced X 
3.2.7.2.1 Flight Operational 1 4.2.2 3.2.7.2.1.a Temperature 1 4.2.2 3.2.7.2.l.b Pressure 2b 4.3.1.b 3.2.7.2.1.c Humiditv 1 4.2.2 3.2.7.2.1.d Salt Fo~ 2a 4.3.1.a 3.2.7.2.1.e Limrrtnin2 2a 4.3.1.a 3.2.7.2.1.f Random Vibration 1 4.2.2 3.2.7.2.1.2 Acceleration 2b 4.3.1.b 32.7.2 1.h Shock 2b 4.3.1.b 3.2.7.2.2 Nonoperationa1 2b , 4.3.1.b ~-. 3.2.7.2.2.a Temperature 2b 4.3.1.b 3.2.7.2.2.b Pressu:e 2b 4.3.1.b 
-3.2.7.2.2.c Shock 1 4.2.2 3.2.7.2.2.d Ozone izb 4.3.1. b 3.2.7.2.2.e Fun2US b ~" 4.3.1.b 3.2.8 Transnortabi1itv!Transportation K 
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Table 4-1 Verification Cross-Reference 
REQUIREl-IENTS FOR VERIFICATION SHEET 7 OF 7 
NmlENCLA,TURE: I CRrT CAT: CEl NO. I CEl SPEC NO. 
PERFORHA.'lCE/DES IGN VERIFICATION METHOD TEST/ASSESSHENT REQUlRE~IENT REFERENCE NIA A B C D E F G R REQUIREHE~'r REFERENCE 
,3 • 2. 10 Operabili ty X 
-3.2.10.1 Operating Life 2. 4.3.l.a 
3.2.10.2 Useful Life 2a 4.3.1.a 
3.2.10.3 Shelf Life 2a 4.3.l.a 
I 
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5.0 PPJlPARATION FOR DELIVERY 
Not applicable 
6.0 NOTES 
6.1 Definition and Design Terms 
Multifunction Display System - AFD Hardware (located at Panels L-ll & L-10) consisting ~~ two CRT displays, electronic unit and keYboard. The sys-tem is used to control & monitor payload experiments on orbit. 
Built-in-Test Equipment - Circuitry provided to perform continuous monitoring of specific parameters, groups of parameters, or functions of the LRU to provide a go/no-go indication. This type of built-in-test capability represents those implementational techniques that are autonomous and provide continuous real-time monitoring, but do not interrupt normal operation of the LRU. 
Closed Circuit Television - Orbiter equipment consisting of TV cameras (located in the payload bay and forward section of the orbiter) and TV moni-tors (located at the Aft Flight Deck). The system is used for monitoring of payload bay and cabin area activities. 
Display Unit - The display unit consists of one CRT monitor (either black and white or color) and forms a integral part of the multifunction dis-play system. The display unit is used to present experiment status and data in the form of alpha numerics, graphics and video. 
Electronic Unit - The electronics unit is an integral part of the mUlti-function display system. It interfaces with the various flight computers and interprets computer commands. It creates and controls all displays for the display unit. 
Ground Support Equipment - This ground equipment consists of a mini-computer, CRT display keyboard unit, mass storage, line printer and input/ output units. It is used to checkout and verifY the AFD core controls and dis-plays hardware. 
Interconnecting Stations - Spacelab equipment used to tie AFD core equipment to either the Spacelab subsystem or experiment data buses. The inter-connecting stations isolate and protect the buses from the equipment on the buses. 
Input-Output - Interfacing hardware/softwa-- between a computer and the equipment it is monitoring or controlling. 
Input/Output proce~ - Similar to input/output but with additional data formatting and processing. 
52 
-
I 
1 
I 
I 
! 
1 
1 
I 
j 
.-y,---:'~,"'"'''' , 
IB iM'f~_ 
----
Remote Acquisition Unit - Spacelab equipment used to interface a Space-lab computer to warious experiments for monitoring and control. 
Read Only Memory - A device used for the storage of information in digital form. This information cannot be changed. Information can only be obtained (read) from this memory. 
Read/torite Memory - A device used for the storage of information in digital form. This information may be changed as reqUired. Information in memory can either be obtained (read) from memory or placed (written) into memory. 
Line Replaceable Unit - A combination of components, units, parts, assemblies, subassemblies, etc. that are contained in one package or are so arranged that together the combination is common to one moutlting and, in addi-tion, pro'1ides a comp! . .,te function to the larger entity within which is operates • 
.1ihop Replaceable Ul.it - An integral subassembly of an LRU consisting of units and parts or a combination of parts so arranged that together the combi-nation is conmon to one mounting and, in addition, provides a complete func-tion to the larger entity within which it operates. 
6.2 List of Acronyms 
AC 
AFD 
AVT 
BITE 
B&to 
CCTV 
CDR 
CEI 
CIL 
CRT 
C&D 
DC 
DDU 
DU 
EMC 
EU 
FNEA 
GPC 
GSE 
Hz 
110 
101' 
IPS 
IS 
Alternating Current 
Aft ;Flight Deck 
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1.0 SCOPE 
This specification provides preliminary performance 
of multi-use mission support equtprnent (,MMSE) to be used 
aft flight deck (AFD) in support of payload operations. 
requirements for the MMSE are also identified herein. 
requirements for a set 
in the Shuttle Orbiter 
The principal interface 
Figure 1.0-1 eaot;s the AFD and indicates payload dedicated panel areas. The MMSE described herein will be located at panels L12, Lll and A7, as part of the AFD core C&D. 
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3.0 REQUIREMENTS 
3.1 GEl Definition 
3.1.1 General Description 
The multi-use mission support equipment (MMSE) set shall consist of nine separate subpanels of the configurations described in Table 3.1-1. The subpanels designated for use at payload station panel L12 (AI through AS) will comprise that entire panel and shall, when arranged together, conform to the total overall panel surface dimensions of 19 inches wide x 21 inches high. Figure 3.1.1-1 shows a typical MMSE layout for panel L12. Other layouts, con-sistent with the requirements specified herein and with human factors con-siderations, may also be utilized. The remaining subpanels of the loiMSE set will be located within and form parts of panels Lll and A7 in the aft flight deck (AFD), and shall utilize minimwn panel surface area consistent with re-quirements detailed in this specification. 
3.1.2 Missions 
The MMSE described herein is generally applicable to STS mission during the 1980s. The Shuttle Program scheduling, operations planning, flight hard-ware, ground system requirements, and costs shall be based on the Shuttle Pro-gram mission, model described in JSC-07700, Volume III. The first use of the MMSE will be for the first, operational flight utilizing the AFD core C&D cap-ability, the Space lab 2 mission. Early missions will utilize that portion of the MMSE contained on subpanels LI2-AI, LII-A3 and A4 (manual operation only), LII-AS and Ai-A2. Later missions which are more complex and involve multiple-payload operation will require the additional MMSE on subpanels L12-A2, -A3, 
-A4, -AS together l~ith the capability for software actiVation and control of the event timers on LIl-A3 and -A4. 
3.1.3 Operational Concepts 
The MMSE will provide the capability for direct control of payload operational functions from the aft flight deck of the Orbiter vehicle. The 11MSE is intended to increase user operational flexibility by providing dedi-cated sWitches and indicators applicable to specific mission requiraments. The MMSE described herein will be used in conjunction with MFDS equipment (see MFPS GEl Specification) and, within the limits described herein, with flight soft-ware (see Flight Software CEI). 
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Table 3.1-1 Description of MMSE Set 
Sub panel Designation Component Description 
L12-Al 
" 
2-position momentary toggle switch 
ill 3-position event indicator 
" 3-position toggle switch 
L12-A2 $ 12-position rotary switch 
to 5-charac·ter programmable digital d:tsp1ay 
" 2-position momp.ntary toggle switch 
II 15-character programmable alphanumeric 
display 
• 10-' character programmable alphanumeric display 
L12-A3 ill 2-position locked toggle switch 
" 3-position event indicator 
L12-A4 " 12-position rotary switch 
" Horizontal analog meters 
L12-A5 ill Potentiometer, single turn, friction 
" 12-position rotary switch 
III 2-position momentary toggle switch 
III 3-position event indicator 
Lll-A3 " event timer 
" lO-character programmable alphanumeric display 
" 2-position momentary toggle switch 
Lll-A4 Same as Lll-A3 
Lll-A5 " manual pointing controller 
" 12-position rotar~ switch 
ill 2-position momentary toggle switch 
" 3-position toggle switch 
A7-A2 ill 2-position locked toggle switch 
Qty 
13 
10 
1 
2 
2 
2 
2 
2 
18 
6 
1 
3 
5 I 3 
9 
9 
1 
1 
3 
Same as Lll-A3 
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3.1.4 Organizational and Management Relationship 
MSFC has been designated as the development management center for the Aft Flight Deck core controls and display (C&D) program. The core C&D equipment will be located in the Orbiter AFD,and, therefore, JSC will be required to ensure interface control documentation compatibility. 
3.1. 5 Systems Engineering Requirements 
3.1 . 5.1 Systems Engineering and Integration 
Systems engineering and integration will include performance of the analyses and studies necessary to define requirements for the Aft Flight Deck Payload Core C&D , interfaces, ground support equipment (GSE) and sup-port test equipment (STE), and product assurance. Systems design and inte-gration, operations requirements analyses, GSE and STE requirements, and systems test requirements are all a part of the Aft Flight Deck (AFD) Core C&D engineering and integration (SE&I) task. Also included are interface analyses and definition, PSS specification development and weight management. The objective of the SE&I analysis is to assure an integrated AFD core C&D design that provides a core capability for operat i ng and controlling the many anticipated payload.' for the Shuttle Orbiter, at the lowest life cycle cost t ,~ the Shuttle Progra.' , compatible with the required llwel of capability and limitation informatior to prospective payload developers. 
3.1.5.2 Work Bre~Kdown Structure (WaS) 
The WBS for the AFD core C&D will be in accordan,;" with MA-06, reference Volume III, Part I. 
3.1.6 Government Furnished Property List 
Not applicable. 
3.1.7 Critical Components 
3.1. 7.1 Engineering Critical Components List 
Not applicable. 
3.1.7.2 Logistics Critical Components List 
The failure mode and effects analysis (FMEA) will be performed and will be used to prepare the Critical Items List (CIL), which will be used to ident-ify critical spares. This CIL shall include the Single Failure Point Summary and Critical Redundant Items. The corrective action required and/or rationale for retention shall be determined for each critic~l single failure point. 
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3.2 Characteristics 
3.2.1 Performance 
3.2.1.1 Subpanel L12-Al ~lMSE 
Subpanel L12-Al shall contain a row of 14 toggle switches. Thirteen of these switches shall be momentary two-position switches and shall conform to the requirements specified in the ShuLtle Program procurement specification Mc452-0102, sections 3.2 and 3.3, control drawing number ME452-0102-Xl05. One switch Ehall be a three position switch conforming to the above specification under con-trol dralqing number }m452-0102-Xl06. Ten event indicators shall also be provided on this subpanel for use in conjunction with ten of the toggle switches, and these indicators shall conform with the requirements specified in MC432-0222, sections 3.1, 3.2 and 3.3, part number MC432-0222-0024. 
3.2.1.2 Subpanel L12-A2 MMSE 
Subpanel L12-A2 shall contain two 12-position rotary switches: associated with each rotary shall be a 5-character digital display, a 2-PQsition momentary toggle switch, and two programmable alphanumeric displays. The rotary switches shall conform to the requirements specified in MC452-0049, sections 3.2 and 3.3. The applicable specification control drawing number is ME452-0093-1013. Two 5-character programmable digital displays shall be provided and shall conform to the requirements specified'by the Phase C/D contractor. One 2-position momentary toggle switch shall be supplied to drive each digital display. These switches shall conform to the requirements specified in MC452-0102, sections 3.2 and 3.3, drawing number ME452-0102-Xl05. A ten-character programmable alphanumeric display (legend) shall be located above each digital display and a 15-character alphanumeric display shall be located above each rotary switch. These legends shall be provided and shall conform to the requirements specified by the Phase C/D contractor. 
3.2.1.3 Subpanel L12-A3 MMSE 
Subpanel L12-A3 shall contain 18 locked two-position toggle switches con-forming to the requirements specified in MC452-0102, sections 3.2 and 3.3, drawing number ME452-0102-X251. Six 3-poaition event indicators shall also be provided, and shall conform to the requirements specified in MC432-0222, sections 3.2 and 3.3, part number MC432-0222-0024. 
3.2.1.4 Subpane1 L12-A4 MMSE 
Subpanel L12-A4 shall contain a rotary SWitch and three analog panel meters. The rotary switch shall be a 12-position switch and shall conform to the require-ments specified in MC452-0049, sections 3.2 and 3.3, drawing number ME452-0093-1013. The panel meters shall be designed to be equivalent to Weston Instruments, Inc., model 1879, type 465 LW, modified as necessary to conform to the requirements speci-fied by the Phase C/D contractor. 
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3.2.1.5 Subpanel L12-AS MMSE 
SUbpanel L12-AS shall cantatn three l2-position rotary swi~ches; associated with each rotary switch shall be three 2-position momentary toggle switches and three 3-positio!l event :indicators. Also, co.,tained on this sub-panel shall be five single-tuln potentiometers. The rotary switches shall conform to the requirements specified in MC452-0049, sections 3.2 and 3.3, draw-ing number ME452-00S3-1013. The toggle switches shall confo1~ to the requirements specified in MC452-0102, sections 3.2 and 3.3, control dratv.ing number ME452-0102-Xl05. The event indicators shall conform to the require.~ents specified in Mc432-0222, sections 3.2 and 3.3, part number Mc432-0222-0024. The potentiometers shall conform to the requirements specified in MIL-R-94D, control drawing number ME444-0059-1001. 
3.2.1.6 Subpanel Lll-A3 MMSE 
Subpanel Lll-A3 shall contain an event timer, a la-character programmable alphanumeric display, and three 2-position momentary toggle switches for event timer control. The event timer shall conform to the requirements specified in procurement specification MC456-0053, sections 3.2 and 3.3. An alphanumeric dis-play shall be provided and shall conform to the requirements specified by the Phase OlD contractor. The toggle switches shall conform to the requirements speci-fied in MC452-0l02, sections 3.2 and 3.3, control drawing number ME452-0102-Xl05. 
3.2.1.7 Subpanel LIl-A4 MMSE 
The requirements for subpanel Lll-A4 are the same as those for subpanel LIl-A3 (paragraph 3.2.1.6), 
3.2.1.8 Subpanel Lll-AS MMSE 
Subpanel Lll-AS shall contain a l2-position rotary switch, a manual pOinting controller, two 2-position momentary toggle st~tches and one 3-position tOl;;le switch. The rotary switch shall conform to the requirements specified in MC452-0049, sections 3.2 and 3.3, control drawing number ME452-0093-l013. The manual pointing controller shall conform to the requirements specified in Bendix Corporation S~ecification 1941022, part number 1944808-1. The 2-position momen-tary toggle switches shall conform to the requirements specified in MC452-0l02, sections 3.2 and 3.3, drawing number ME452-0l02-Xl05. The 3-position toggle switch shall conform to the requirements specified in MC452-0102, sections 3.2 and 3.3, drawing number ME452-0l02-Xl06. 
3.2.1.9 Subpanel A7-A2 MMSE 
SUbpanel A7-A2 shall contain a row of twelve 2-position locked toggle switches conforming to the requirements specified in ~!c452-0102, sections 3.2 and 3.3, drawing number ME452-0l02-X251. 
3.2.2 Physical 
Applicable physical requirements for the MMSE set are contained in paragraph 3.2.1. 
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3.2.3 Reliability 
Reliability provisions shall be in accordance tY.tth NEB 5300.4 (ID-I). 
3.2.3.1 Critical Single Failure Points 
As a design goal, the MMSE shall have no single failure that tY.t11 jeopardize achieving the experiment objectives. In systems where this is not practical, sufficient safety margins should be used to minimize the probability of occurrence. 
3.2.3.2 Failure Deterrent and Detection 
The design shall incorporate the following: 
a. The MMSE shall be designed such that transient out-of-tolerance conditions or component failures tY.tll not cause other damage to, or failure of, other components. 
b •. Threaded ?arts and fasteners shall be positively locked to prevent loosening during service. 
c. Bypass circuits u5ed in checkout or calibration procedures sllall not override electrical system protective d~vices. 
d. Solid state switches and amplifiers shall be given preference over electromechanical relays and other vibration-sensitive electrical/electronic parts. 
e. Unidirectional co~ponents or piece parts shall be designed to pre-clude backward installation by using nonsymmetry of configuration, different connecting sizes, or comparable means. 
3.2.3.3 Reliability Goals 
The reliability goal of the MMSE operation shall be TBD. 
The probability that no MMSE failures will prevent successful e~~eruJent command or display objectives shall be TBD for on-orbit operation. 
3.2.4 Maintainability 
The MMSE elements subject to maintenance shall be designed, selected and installed to facilitate the performance of such tasks in a reasonable period. 
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of time with minimum hazard to cfluipment and personnel. Maintainability criteria in accordance with HIL-STD-470 shall be us·~d •. The design shall pro-Vide for maximum use of standard tools and test equipment. 
3.2.4.1 Installation/Removal/Replacement Operations 
The installation or removal of the payload dedicated controls and displays panels or consoles shall be accomplished at the launch site upon the retu"n of the Space Shuttle Orbiter. The servicing of the payload ded-icated controls and displays panels or consoles shall be consistent within the payload turnaround time constraints as specified by JSC 07700, Vol. XIV and JSC 07700, Vol. I-014-PIV-Ol. 
The design shall provide for ease of removal, replacemert, eli~ent. integretion, and test. 
3.2.4.2 Scheduled Servicing 
The MMSE design shall be such that scheduled maintenance frequencies for critical-limited items are not less than TBD years. 
3.2.5 Operational Availability 
This preliminary Part I CEI shall be updated as re~uired by the PS Contractor. The PS Contractor shall maintain this document in the final Part 1 CEl form through the change control system established. 
The Part I CEI document shall be submittee at the Pre?iminary Design Review (PDR) for final approval by MSFC prior to the start of the Development Phase. Review Item Disposition (RID~) written against the CEI and approved shall be incorporated into the Part I CEI. After acceptance by MSFC, this document will be Government property, and shall be formally controlled as such in accordance with the requirements of the procuring actiVity. 
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3.2.6 Safety 
Requirements for the ~rnsE necessary to preclude hazards to parsonnel and equipment shall be as specified in the Safety paragraph of JSC 07700, Volume XIV, or contained herein. Hazard definition, classification categor-ies, and hazard reduction precedence shall be as specified in NHB 5300.4 (ID-I), Safety, Reliability, Maintainability and Quality Provisions for the Space Shuttle Program, and NaB 1700.1, NASA Safety Manual. 
3.2.6.1 Crash Safety 
The MMSE or any part or component of the AFD core C&D shall not en-danger the cr~w as a result of the crash landing conditions specified in the JSC-07700, Volume XIV. 
3.2.7 Envir~nment 
3.2.7.1 Natural 
3.2.7.1.1 Transportation and Stor.age 
The ~rnsE shall perform as specified herein after exposure in a non-ope~ating condition to any combination of the environments and ranges speci-~ied in JSC-u7700, Volume XIV and MJ070-000l-IB. 
3.2.7.1.2 Handling 
The MMSE shall perform as specified herein af~er exposure to the environmental ranges specified in JSC-07700. Volume XIV when handled unpackaged. 
3.2.7.2 Induced 
3.2.7.2.1 Flight Operational 
The MMSE shall be capable of me~ting the operating performance require-ments specified herein during and after exposure to any feasible combination of the following conditions: 
a. 
b. 
c. 
Temperature: Minim15l: Minus leoF (operatior-al) 
Plus 35°F (full performance requirements) ~lus 1200 F (full performance requirements) 
Pressure: 
Humidity: 
Haxil:lmn: 
Minimuw: 12.36 psie, continuous; B psia for 2 hours Maximum: 18.0 psia 
Minimum: 8 percent relative 
Maxim~: 100 percent relative 
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d. 
e. 
f. 
Salt Fog: Exposure to I-percent salt solution by weight 
Ll.gh tning: In accordance with JSC·-07636 for indirect effects 
Random Vibration: 
1) Qualification - Acceptance Vibration Test (AVT) 
Acceleration Spectral Density 
20 to 80 Hz 
80 to 350 Hz 
350 to 2000 Hz 
Duration: 
2) Flight 
2 Increasing, at plus ~ dB/octave, to 0.067 g /Hz 
at 80 Hz 
Constant at 0.067 g2/HZ 
2 Decreasing, at 3 dB/octave, from 0.067 g /Hz 
at 350 Hz to 2000 Hz 
Five times AVT per axis 
Acceleration Spectral Density 
20 to 150 Hz Increasing at plus 6 dB/octave, ·to 0.09 g2/Hz 
at 150 Hz 
1>( to 900 Hz Constant at 0.09 l/Hz 
900 to 2000 Hz Dicreas:l.ng, at m:!.nus 9 dB/octave, from 0.09 g /Hz at 900 Hz 
Duration: 48 minutes per axis 
g. Acceleration: Plus and minus 5 gfs in· all major axes 
h. Shock 
1) Landing: Rectangular pulses of the following peak accelera-tions, time durations, and number of applications in the vertical (up) direction during landing: 
Acceleration 
(g peak) 
0.23 
0.28 
0.35 
0.43 
Duration 
-<~ 
16 
170 
280 
330 
360 
Applicat:l.on 
2:! 
37 
32 
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2) 
Acceleration Duration (g peale) 
0.56 
0.72 
1.50 
TranSient: 
(ms) Application 
350 9 
320 4 
260 1 
5 to 35 Hz; plus and minus 0.25 g peak. 
(Transient shock may be simulated by vibration 
one sweep from 5 to 35 Hz at one octave per 
minute.) 
3.2.7.2.2 Nonoperational 
The M¥~E shall be capable of mpeting the operating performance requiremellt specified herein after exposure to the following conditions: 
a. Temperat"rc. Minimum: ~inus 650 F 
Maximum: Plus 1200F with <"tremes of l500 F for 6 hours per day 
b. Pressure: Minimum: 3.28 psia 
Maximum: 18.0 psia 
c. Shock: 
1) Bench Ha~dling: As specified in MIL-STD-BlO, Method 516.1, Procedure V. 
2) Basic Design: 20-g terminal sawtooth shock pulse of ll-ms duration in each of three orthognal axes (both directions) • 
3) Crash Safety: 40-g terminal sawtooth shock pulse of Il-ms duration in each of three orthognal axes 
d. Ozone: 
e. Fungus: 
(both directions). Equipment and its mounting 
attachments shall not brea!: looee, create a hazard to personnel, or prevent egress from 
crashed vehicle. Operating performance is 
not required after this test. 
3 to 6 parts per hundred millic~ (phm). Tota1 oxi-dant concentrations may .each 60 phIl! for I to 3 hours in any 24-hour period. 
As specified in MIL-STU-SlO. 
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3.2.8 Transportability/Transportation 
The ~ruSE shall be shipped in a GSE container specifically designed to protect the hardw~re during highway and air transportation. Vibration, shock, pressure, temperature, humidity and contamination shall be controlled to levels specified belm'T. Provisions shall be made in the MMSE structure for suitable tie-down, lift and attachment points. All handling and trans-portation equipm~nt shall be compatible with applicable structural and environ-mental limits. The NNSE shall be designed to be transported in either the horizontal or vertiLal position. 
3.2.9 Storage 
The IDlSE shall have a storage life of ten years. Control sball be maintained on all parts and materials wbic: are sensitive to age or the stor-age environments specified in paragraphs 3.2.7.1.1 and 3.2.7.1.2. These parts and materials shall be identified, and if deterioration is a factor during storage or after installation for use, tbe maintenance procedures shall indicate a replacement cycle or the necessary retesting. 
3.2.10 Operabilitv 
3.2.10.1 Operating Life 
The MMSE sball be capab~e of performing all operations specified herein for a minimum of 2500 cycles and 18,000 hours. 
3.2.10.2 Useful Life 
The NNSE shall have a minimum useful life of 3500 cycles and 24,000 hours which is equivalent to 100 orbital missions in a lO-year period from date of deliV-ery. The,average orbital mission will be seven days; however, the design shall not preclude the capability to extend the orbital stay time up to 30 days. 
3.2.10.3 Shelf Life 
The NNSE shall be capable of operating in accordance with the require-ments specified herein for a time period of 10 years from da~e of delivery. 
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3.3 Design and Construction Standards 
3.3.1 Selection of Specifications and Standards 
Specifications and standards necessary for the design and development of hardware, in addition to those specified in this dOCU1Qent shall be selected in the following order of preference except as othenlisa specified: 
a) NASA specifications and standards. 
b) Federal specifications and standards. 
c) Military specifications and standards (MIL, JAN, or MS). 
d) Other Governmental specifications and standards. 
e) Specification and standards released by nationally recognized associations, committees, and technical societies. 
f) Supplier specifications and standards. 
Specifications and standards shall be selected using MIL-STD-143 as a guide. 
3.3.2 General 
3.3.2.1 Materials, Parts and Processes 
Materials, Parts, and Processes shall be in accordance with MSFC-STD-506. The contractor shall prepare and provide a materials selection and verification plan def~ning a proposed method for coordinating and officially documenting and approving all engineering draWings for flight hardlmre before design concepts are finalized. Approval of engineering drawings and all changes shall include sign-off by the materials and engineering discipline for each materials application utilized. 
3.3.2.2 Flammability ReqUirements 
Materials used in the design of the MMSE or contained in equipment installed therein, shall be compatible with the flammability requirements spec-ified in NHB S060.lA. SE-004-002-2H shall be used as a guideline to ide~tify flammability hazards in air. 
3.3.2.3 Outgassing of Materials 
3.3.2.3.1 Internal Materials 
All materials used within the MMSE shall meet the requirements of HSFC-Dl~G-IOM90221 and HSFC-DWG-40HS1264. 
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3.3.2.3. 2 .§.l£ternal b!aterials 
High vapor pressure mat 'rials on the exterior rmrfaces of the MMSE in line-of-sight with optically critical surfaces shall conform to the material requirements of MSFC-Dl~G-50M02442. Materials not conforming to this require-ment shall be submitted to MSFC for approval. 
3.3.2.4 Lubrication 
The lubrication for all moving parts exposed to the vacuum of space shall be selected in accordance with MSFC-STD':'S09. 
3.3.2.5 Soldering 
Soldering of all electrical connections in the MMSE shall comply with NHB 5300.4(3A). Solder connections shall meet the requirements of RA064-00l-lA, Sections 4 through 15 for inspection purposes, except that references to NASA Quality Publication NPC200-4; MSC Supplement to NPC200-4, MSC-~SPO-S-6A; and MSC-ASPo-S-SC, MSC-ASPO Soldering Specification shall be deleted and replaced by NHB 5300.4(3A). Any requirement of RA064-001-lA that is incon-sistent with the provisions of NHB 5300.4(JA) is superseded by NHB 5300.4(3A). 
3.3.2.6 Restriction of Use of Mercury 
Mercury in liquid or vapor form shall not be used in the MMSE. Where no satisfactory substitute exists or an alternate design or method cannot be used, the justification for the use of mercury, the protection provided to prevent its release, and a plan for decontamination in the event of its re-lease shall be submitted to NASA/MSFC fo~ approval. 
3.3;3 Aeronautical 
Not applicable. 
3.3.4 Civil 
Not applicable. 
3.3.5 ilectrical 
3.3.5.1 Electr:!.cal Wiring 
a. The wiring installation shall consist of cable harnesses where required. All wire bundles, harnesses and cables external to the component or vehicle shall conform to MSFC-DWG-40H39582. Wire used in cable harnesses shall conform to Specification MIL-C-l7. 
20 
1 'Vt 
t 
I 
I 
I 
I 
I, 
I ! ' 
I 
I 
! 
i , 
~ , 
, 
;r, 
'f 
'! . 
I 
1\ 
" co 
~ 
'! 
',~ 
r 
i 
; 
I 
I 
\ 
b. When etching of wire insulation is required in the MMSE to provide satisfactory honding to potting materials, the open end of the wire shall not be exposed to the etchant. The preferred process is to form thb wire into a 
"U" shape, immerse only the bent portion in the etchant, and hold the open ends above the etchant level. The unetched end of the wire shall not be cut off prior to neutralization or the etchant. Electrical wire or cable insulated or coated ~1ith polyetrafluoroeth:rlene or fluorinated ethylene propyle.ne shall I::e .~tched prior to potting to assure mechanical bond strength and environmental seal. Potting shall be accomplished within three weeks after etching. 
3.3.5.2 Electrical Connector Keying 
All electrical plugs and receptacles used in the AFD core C&D panels shall be keyed or otherwise configured to prevent incorrect connection with other accessible plugs or receptacles. 
3.3.5.3 Electrical Connector Pin Assignment and Pin or Socket Selection 
a. Electrical circuits for the AFD core C&D pand" shall not be routed through adjacent pins of an electrical connector if a sho,:t circuit bet:t~een them would constitute a single point failure as defined in paragraph 
b. Cable connections of the AVO core C&D p~nels shall be designed so that pin and sr.cket connectors are properly used to prevent power from shorting to ground. They also shall be designed to protect personnel.both when con-nected and disconnected through the use of dead facing, explosion-proof con-nectors, or similar means. 
3.3.5.4 Protection of Electrical. and Electronic Devices 
Electrical and electronic devices used in the MMSE shall incorporate protection against reverse polarity or other improper electrical inputs dur-ing qualification, acceptance, and other tests if such inputs could damage the devices in a way that would not be immediately and unmistakably apparent. 
3.3.5.5 Electrical and Electronic Piece-Parts, Closure Construction 
Electrical and electronic piece-parts with all welded closure con-struction shall be used in preference to piece-parts with other types of closure construction. Other types of construction may be used if adequate program (Jntrols are imposed to assure that internal contamination cannot cause part degradation and failure under zero gravity environment. 
3.3.5.6 Electrical Grounding 
a. Primary DC Power Groundins - The MMSE negative buses shall be ref-erenced to structure at one point. The conductor from the main power return point to the single-point ground shall be designed to carry the maximum' fault current. The single point ground shall be capable of being connected to the Shuttle. 
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b. Component Grounding - The primary DC power shall be isolated from all component structure. The component case ground shall be per MIL-B-5087B. 
3.3.5.7 Electromagnetic Interference 
3.3.5.7.1 Electromagnetic Compatibility (EMC) 
The MMSE shall be designed for electromagnetic self-compatibility and for electromagnetic compatibility (EMC) for all phases of the mission, and for EMC with the Orbiter AFD during on-orbit operations. The electrical and electronic equipment shall not be a source of, nor be susceptible to, electromagnetic interference as defined by MIL-STD-461A and 462. 
3. 3.5. 7. 2 Corona Suppression 
Electrical and electronic subsystems and components shall be designed so that their proper performance will not be impaired by corona discharge in n01~al operating environments and shall not be a source of interference whicr adversely affects the operation of other e~uipment. 
3.3.5.7.3 Lightning Protection 
Electrical and electronic components shall be adequately protected from high currents induced by the lightning occurring at the launch site. The case ground shall be accompl:l.shed with the case connected to the structure through low-impedance conductive mounting surfaces. Where shock mounts or thermal isolation prevent this, then wide, flat, short bonding jumpers may be used in accordance with the bonding specification I1"IL-B-S087. 
3.3.6 Mechanical 
3.3.6.1 Design Safety Factors 
The design safety factors shall have an ultimate safety factor of 3.0 and a yield safety factor of 2.0. 
3.3.6.2 Fasteners 
Ynreaded fasteners used for securing a single component, wherever possible. shall be ~he same type. size and tensile strength. Use of blind fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC-STD-486. 
3.3.6.2.1 Accessibility of Fasteners 
Assembly and subaosembly installations shall be designed such that access to threaded fasteners may be accomp:'..ished with the use of conventional tools. 
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3.3.6.2.2 Screw Threads 
Screw threads for threaded fasteners used on Shuttle system hardware (except for GSE) shall be of unified thread form, Class 2, in accordance with MIL-S-7742 or MIL-S-8879, as applicable: 
a. Material tensile ultimate strength levels 160 KSI may be threaded per MIL-S-7742 or MIL-S-8879. preferred. 
up to, but not including, 
Rolled threads are 
b. Material strength levels of 160 KSI and above shall be threaded per MIL-S-8879. External threads shall be rolled after heat treatment. Screw threads used on airborne fluid systems fittings shall be of unified thread form, Class 2, in accordance with MIL-S-7742 or MIL-S-8879. 
3.3.7 Nuclear 
Not applicable. 
3.3.8 ~loisture, Rumiditv.2-!illd Fungus Resistance 
Except as otherwise required by detail design considerations, only materials which resist the corrosive action of salt air and damage from moisture/humidity and fungus shall be used which conforms to MIL-STD-810. 
3.3.9 Corrosion of Metal Parts 
Metal parts shall be protected from corrosion by stress-relieving, plating, anodizing, chemical coatings, organic finishes, or combination there-of, prOVided that such protection is compatible with the operating and space environmental requirements. 
3.3.9.1 Dissimilar ~leta1s 
Dissimilar metals. as defined in MIL-STD-B89, shall not be used in combination unless they are suitably ccated to prevent electrolytic corrosion. 
3.3.9.2 ]l.nish 
The MMSE finish shall be in accordance with MSFC-SPEC-250, except for special th,ermal finishes. 
3.3.10 Contamination Control 
The MMSE cleanliness requirement is lOOK clean class per FED-STD-20'). 
3.3.11 Coordinate System 
Not applicable. 
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3.3.12 Interchangeability and Replaceability 
The MMSE shall be designed for ease of manufacture. assembly, :lnspection and maintenance. Insofar as practicable, the MMSE subpanels shall be inter-changeable and/or replaceable in accordance with MIL-STD-189. The MVQE sub-panels will be designed for installation in both the Orbiter AFD Or the Spacelab pressurized module. 
3.3.13 Identification and Marking 
3.3.13.1 Identification of Parts 
Each part fabricated shall be identified ~1ith a part number. The same specification or part number shall be used to identify all like materials, processes, and parts. Seller shall assign a new part number to the part when authorized changes make the superseddd part not interchangeable with respect to interface, reliability, safety, logistics, traceability or performance. For traceable items, the part identification shall additionally include the manufacturer's identification code in accordance with DOD Handbook H 4-1, and be lot numbered or serial numbered when required. 
3.3.13.2 Supplier Part Number 
The supplier part number, which is equivalent to the ,1MSE procurement part number, shall be in accordance with MIL-STD-130. 
3.3.13.3 Identification of All Development/Qualification Test Spec:imens 
Test specimens shall be permanentlv ~nrl obViously identified prior to testing with the words "ENG. TEST ONLY" in addition to the identifica-tion required by the drawing/specification to preclude their use on production items. The letters shall be indelible and provide a distinctive and vivid contrast with the color of the specimen. The lettering size and identifica-tion location shall be clearly visible to casual observation. Materials used for t.he identification shall be compatible with the test specimen and its operating environment. When the size or cQnfiguration of the test speci-ment is such the identification cannot appear on the specimen, other suitable means such as attached metal tags shall be used. 
3.3.13.4 Nameplates 
Nameplates shall be marked in accordance with MIL-STD-130 and shall include item name; buyer's part number; Federal North Atlantic Treaty Organi-zation Stock Number (FSN/NATO); manufacturer; buyer; manufacturer's serial number, part number. Abbreviations, in accordance with MIL-STD-12, may be used. 
3.3.13.5 Identification of Wiring 
Identification of wi-ring shall not degrade insulation or shielding. 
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3.3.13.6 Electrical and Electronic Reference Designations 
Electrical and electronic reference designations shall be affixed to the hardware in accordance with the USAS Y32.16-1968 (for external electrical connectors). 
3.3.13.7 Electrical and Electronic Symbols 
If schematic information is affixed to the MMSE, t!.e electrical and electronic symbols shall be in accordance with the requirements of USAS Y32.2-1967. 
3.3.13.8 Reidentification 
The part number of the MMSE, its components, and parts shall be changed whenever redesign results in a change to dimensioDal form, fit tolerance, or functional characteristics from the previous configuration. 
3.3.14 l,orlonanship 
Workmanship on the MMSE shall be in accordance with the best practice fOI7 high quality equipment within the state of the art. 
3.3.15 Human Performance/Human Engineering 
The design shall consider the capabilities and limitations of the human operator wherever a man-machine interface exists, including torques, forces, and other functional design characteristics of controls, displays, and work stations. The principal design guide for the man-machine interface shall be MIL-STD-1472 and MSFC-STD-512. 
3.4 Logistics 
3.4.1 Maintenance 
a. The MMSE shall not require sci.eduled maintenance. 
b. TheMMSE shall not be designed to preclude the use of special tools and equipment for site maintenance and repairs. Special tools, if required, and approved by the buyer, shall be designed to withstand the intended use throughout the life of the equipment. 
c. The ~lliSE shell be designed to satisfy the requirements of a Line Replaceable Unit (LRU). 
d. The MMSE shall be designed so that routiue corrective maintenance can be accomplished by the replacement of Shop Replaceable Units (SRUs). The design shall be such that isolation to a single malfunctioning SRU· can be accomplished duri~~ bench maintenance utilizing the LRU interface connectors or the addition of a s~stem GSE tost connector is permissible to provide this isolation capability. 
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e. The necessity for any maintenance servicing or checkout tasks. other than built-in test capability, to be accomplished during flight is pro-hibited. 
3.4.1.1 Installation 
a. The equipment design shall physically prevent the incorrect instal-la1:ion of modules and submodules. Clearly visible color coding and labeling in close proximity to maintenance disconnect points shall be used to facilitate removal and replacement of any subassembly level of equipment. 
b. Components shall be mounted in a manner to avoid blind adjustments. 
c. Threaded fasteners used for securing a single component, where practical, shall be the same type, size, and tensile strength. 
d. Captive fasteners shall be utilized to fasten LRUs. 
3.4.1.2 Accessibility 
a. Electrical connectors shall be accessible without disassembly or removal of functional equipment or components. 
b. Servicing and test points shall be clearly marked and shall be accessible without requiring removal of access plates or covers except service caps. Calibration controls shall be accessible and clearly marked for major functions .. 
c. All fasteners on a single access cover shall be of the san:.. leng!:n, diameter, and type. 
3.4.1.3 Replac6lli~nt 
a. Mounting provisions shall permit SRU removal and replacement without disconnecting any equivalent level SRU in the line replaceable unit. If removal of a LRU structural element is required for access, such removal shall not affect electrical or mechanical alignment, nor shall the mechanical strength of the unit be impaired to the point that bending of the unit, its assemblies, elec-trical harnesses, or plumbing attachments will occur during no~mal bench handling of the unit. 
b. Attachment fittings for components routinely removed shall be oper-able without hand tools and shall be accessible ~ithout requiring removal of access panels or covers. 
3.4.2 Supply 
The components, subassembly and assembly panels which make up the AFD core C&D design shall be recorded on delivery and tracked to assure that thase 
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components, subassemblies, a.ld assemblies ere available in stock and resdy for use by each subsequent activity phase that may impact or influence the design. 
The following information records shall be maintained for each of the items: 
a. Part nlllllbers 
b. Name of parts 
c. Quantity requ:l.red and available 
d. Required delivery sites 
e. Planned use sites 
The above records will provide the required information to assure availability of items, and provide sufficient time to resupply components if it may appear that a shortage could occur prior to the next operation. 
3.4.3 Facilities and Facility Equipment 
Procured parts and mateirals will be received, inspected and stored in existing facilities. These same facilities will proVide a bonded area which will store the qualified and acceptance tested parts or assemblies prior to delivery. 
No new or unique facilities will be required for the logistic require-menta. 
3.5 Personnel and Trainin~ 
Standard aerospace management, engineering, manufacturing, product assurance, and test practices a~ applied to prior space programs as Gemini, Apollo, Sicylab, etc. will be utilized for the PS contractor's design/develop-ment phase. 
This approach will enable these space program practices to be applied to the PS contractor's activities asld, thereby, no new requirements will be needed for personnel training, trsJ.ning equipment and facilities. 
MSFC or its designated Government quality representative will ve~ify the adequacy of the discipline practices utilized. 
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3.6 Interface Requirements 
3.6.1 Interprogram Interfaces 
Interfaces between the AFD core C & D program, of which this specifi-cation is a part, and other programs (e.g., Orbiter, Spacelab, IUS) will be controlled by ICDs to be supplied by the Phase C/D contractor. These will include mech"nical, electrical and sof·tware interface definition. 
3.6.2 Intraprogram Interfaces 
The relationship between this CEI and the other CEls within the AFD core C&D program is shown in Figure 3.6.2-1. Each eEl (project level) defines the specific interface requirements applicable to the individual project. 
---' MFDS NMSE GSE Flight Ground CEI CEI CEI Software Softwar 
CEI CEI I I I I I 
Figure 3.6.2-1 Intraprogram CEls 
3.6.3 Intraproject Interfaces 
The foll~wing paragraphs are supplied, as information only, to describe the functional interfaces required to ensure proper utilization of the MMSE. 
3.6.3.1 Subpanel L12-AI Functional Interfaces 
The NJ.lSE at subpanel T.l2-AI tgill interface with control electronics such that momentary switch closure precipitates a discrete condition which is maintained until the opposite switch command is completed. 
3.6.2.2 Subpanel L12-A2 Functional Interfaces 
The NNSE at subpanel L12-A2 will interface with core C&D software control (see core C&D Flight Software CEI) such that the selection of a particular posi-tion on the rotary switch will cause a preprogrammed legend to appear on the as-sociated 10 and IS-character alphanumeric displays and the proper digital informa-tion to appear on the S-character digital display. Interfacing electronics will supply the proper inputs to the indiVidual displays. The toggle SWitch associated with each digital display will be utilized as a control over the specific parameter in question; that is, the data bus interface will allow the digital display to be changed via the toggle switch. The command signal from the switch to the display (via interfacing electronics) will be maintained as long as the switch position is maintained. 
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3.6.3.3 Subpanel L12-A3 Functional Interfaces 
The MMSE at subpanel L12-A3 will have direct hardwire interfaces. Each toggle switch is lockable in either of two positions. The event indicators receive disr.rete commands via the hardwire interface. 
3.6.3.4 Subpanel L12-A4 Functional Interfaces 
The MMSE at subpanel L12-A4 will be under core C&D software control such that selection of a specific position on the rotary switch determines the parameters to be displayed on the three analog meters. Interfacing electronics will supply the proper analog inputs to the meters. 
3.6.3.5 Subpanel L12-A5 Functional Interfaces 
The potentiometers on sub panel L12-A5 incorporate a direct hardwire inter-face. Th~ remaining MMSE at this subpanel will be under core C&D software control. The parameters to be controlled by the toggle switches are deter-mined by the specific position on the associated rotary switch (via core C&D software). Control electronics will be provided such that momentary switch closure precipitates a discrete condition which is maintained until the op-posite switch command is completed. The event indicator associated with each togg." switch receives discrete signals under core C&D software control. 
3.6.3.6 Subpanel LII-A3 Functional Interfaces 
The MMSE at sub panel LII-A3 will interface with core C&D software control such that the lO-character alphanumeric legend will display characters com-manded by softtqare as decoded by interfacing electronics. The toggle switches will drive the event timer via interfacing control electronics; switcb position must be manually maintained to maintain the control signal. Interfacing elec-trollies will also allow the event timer to be updated and commanded (start! stop) via software control. 
3.6.3.7 Subpanel Lll-A4 Functional Interfaces 
Functional interfaces for the ~!SE at sUbpanel Lll-A4 are the same as those for sUbpanel LIl-A3. 
3.6.3.8 Subpanal Lll-A5 Functional Interfaces 
The ~fi1G~ at sub panel LlI-A5 will interface with core C&D software control such that n,e manual pointing controller (MPC) and the associated toggle switches interface with the applicable pOinting system via the proper position of the rotary switch. One of the toggle switches interfaces with control elec-tronics such that momentary switch closure precipitates a discrete condition which is maintained until the opposite switch command is completed. The second 2-position switch produces a command signal via the interface electronics as long as the switch position is maintained. The third toggle switch produces a 
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continuous connnand signal in each of its three-positions. The MPC position 
produces connnand signals to interfacing electronics for software interpreta-
tion. 
3.6.3.9 Subpanel A7-A2 Functional Interfaces 
The MMSE at subpanel A7-A2 will incorporate a direct hardwire interface. 
Each toggle switch shall be lockable in either of two positions. 
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4.0 VERIFICATION 
The verification program is designed to verify that the MMSE hardware conforms to the design, construction, and performance requirements as specified in Section 3 herein. Each requirement presented in Section 3 will be verified by test or assessment as specified in Section 4. 
4.1 General 
The following subparagraphs specify the organizational responsibility for accomplishing verification, verification methods to be used, requirements for test/equipment failures, and requirements for phased verification. 
4.1.1 Responsibility for Verification 
Organizational responsibilities for performing and supporting verifi-cation during the various verification phases of Paragraph 4.2 shall be as defined herein. Responsibilities are defined as primary and supportive. It shall be the Governmant's right to ~dtness and verify the results of all verification" accomplished. 
Verification 
Phase 
*Organizational Responsibility for Verification. Primary Supportive or Witness 
1. Development 
2. Qualification 
3. Acceptance 
*Legend 
MSFC NASA-MSFC 
PI; Contractor 
PO; Contractor 
PS Gontractor 
4.1.2 Verification Method Selection 
HSFC 
MSFC 
MSFC 
Verification methods shall include test during each verification phase as applicable, or assessment by similarity, analysis, inspection, demon-stration, and validation or records. These methods are defined in paragraph 4.3.1. 
4.1.2.1 Design Margin Verification Selection 
Where integrity is verified by analysis only, the following factors of safety shall be used: 
Yigld Factor of Safp.cy 
Ultimate Factor of ~afety 
2.0 
3.0 
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4.1.3 Flight Hardware Failures 
Failures of MMSE hardware occurring during qualification, acceptance and integrated system testing shall require a complete analysis of each fail-ure and corrective action documented by a non-conformance report. The PS contrsctor shall secure agreement from the designated NASA representative concerning adequacy of the corrective action before these tests can be resuned after the occurrence of each failure. Retest or assessment shall be perfo~ed to establish the adequacy or corrective action and restore validity of prf,-vious testing. The PS contractor shall report immediately to MSFC any unusual phenomenon, occurrence, difficulty, or questionable condition oc~ur­ring in the conduct of the test. 
4.1.4 Test/Equipment Failures 
Test policy for the MMSE shall include tests which demonstrate a completely checked out end item within specification performance of all sys-tems for flight readiness. To this end, the test program shall encompass: all component and system malfunctions corrected or satisfactorily explained and accepted to certify flight readiness, and appropriate reverification required following equipment replacement because of failure or other reasons. 
Retest shall be performed after failure or equipment replacement to the extent necessary to restore confidence in the equipment. The retest requirements shall be specified at time of failure or replacement and shall be a part of the controlling documentation. Reverification may be deferred to the next scheduled functional test of the affected hardware. Reverifica-tion must be accomplished prior to launch for flight equipment. 
4.2 Phased Verification Requirements 
Phased verification of the Section 3 requirements shall be as specified in the Paragraph 4,3 Verification Gross Reference Index. Definitions of the verification phases follow in Paragraph 4.2.1 through 4.2.8. 
4.2.1 Development 
Development verificati.n is the process f~r verifying the feasibility of the design approach and to .,rovide confiden"" in the ability of the hard-ware to pass qualification. Where visibili~y and control of vendor hardware development is required, appropriate direction shall be included in the applicable procurement drawings/specifications. 
4.2.2 Qualification 
The MMSE including all components shall be qualified prior to launch. l~ere visibility and control of vendor hardware is required, appropriate direc-tion shall be included in the applicable procurement drawings/specifications. 
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Test types, durations and levels shall be specified. Qualification shall be accomplished by anyone or more of the following: 
a. ~ - Qualification Testing. 
b. Assessment - (1) Similarity; (2) Analysis; (3) Inspection; (4) Demon-atration; (5) Validation of Records. 
Qualification testing methods are defined in the following paragcaphs. Assessment methods definitions are presented in Paragraph 4.3.1. 
4.2.2.1 Qualification Testing 
Qualification testing is an individual or series of performance/func-tional and environmental tests conducted on flight hardware at environmental test conditions normally more severe than acceptance test conditions to estab-lish that the hardware will perform satisfactorily in the use environments with sufficient margin. 
4.2.3 Acceptance 
The MMSE including all components, shall be acceptance tested prior to launch. tihere visibility and control of vendor hardware is required, appropriate direction shall be included in the applicable drawings/specifi-cations. Test types, durations and levels shall be specified. Acceptance testing shall be applicable to component through MMSE hardware levels. 
4.2.3.1 ~ponent Acceptance Testing 
Component acceptance tests consist of performance/functional and acceptance level environmental tests to assure compliance with required specifications. This testing is conducted to detect manufacturing flaws and workmanship defects that cannot be detect~d by normal inspection tech-niques as well as verify functional conformance to design specifications including environmental exposures. 
4.2.3.2 Subsystem/Systems Acceptance Tests 
These tests shall be performed as appropriate following component acceptance tests to demonstrate compliance to specifications. Subsystem snd system verification in various operating modes and interfaces at normal flight supply voltages will be considered. 
4.2.3.3 MMSE Acceptance Testing 
The MMSE shall be acceptance tested as an end item prior to its delivery to the next higher level of hardware assembly. Testing in'ludes system to sy'.;tem interface chec!ts, operation of individual MMSE systems, 
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combined systems functional and mission sequence simulation tests. durations and levels shall be specified. 
4.2.4 Integrated Systems 
Test types, 
This phase consists of the testing performed after the mating of the MMSE with the Orbiter or Spacelab subsystems, and will be the responsibility of the Mission Contractor. The PS Contractor shall support the Mission Contractor. 
4.2.5 Prelaunch Checkout 
This phase of testing will be the responsibility of the Mission Contractor, and the PS Con~ractor shall support the Mission Contractor. 
4.2.6 Launch 
This phase of testing will be the responsibility of the Mission Contractor, and the PS Contractor shall support the Mission Contractor. 
4.2. 7 Flight/~on Operations 
'rnis phase of testing will be the responsibility of the Mission Contractor. 
4.2.8 Post-Flight 
This phase of testing will be the responsibility of the Mission Contractor. 
4.3 Verifi "3-tion Cross-Reference Index 
The verification cross-reference index provides a one-for-one cross reference ilf each verification requirement for each Section 3 requirement. Verification shall be by test or assessment. Test types and phases were descrihc.d in Paragraph 4.2. Assessment methods are described below. 
4.3.1 Assessment Methods 
Assessment methods include: (a) similarity; (b) analysis; (c) inspec-tion; (d) validation of records; and (e) demonstrat'''n. A brief definition of the methods as used herein follows: 
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a. Similarity - Qualification by similarity shall be considered if it can be demonstrated, by review of prior test data or application of hard-ware (flight or usage experience), that the article is similar or identical in design and manufacturing process to another article that has previously been quallfied to equivalent or more stringent environmental criteria (e.g., Skylab, Apollo and/or Gemini hardware). 
b. AnalYSis - Analysis may be used for verification in lieu of, or in addition to testing to verify compliance to specification requirements. The selected techniques may include, typically, systems engineering analysis, statistics, qualitative analysis, analog, modeling, and computer simulations. Analysis may be considered when it can be determined that: 
1) Rigorous and accurate analysis is possible. 2) Test is not cost-effective. 
3) Similarity is not appl:i.cable. 
4) Verification by inspection is not adequate. 
c. Inspection (End-Item) - Inspection techniques (e.g., verification of compliance with drawings, wire coding, material compliance, etc) may be used in lieu of or in conjunction with testing to verify design features (e.s., dimensions, bonding, assembly methods, etc). 
d. Validation of Records - Manufacturing records may be used at end-item acceptance to verify latent construction features and processes for flight hard~lare and associated support equipment. 
e. Demonstration - Demonstration techniques (e.g., service access, tranportability, cr~.-hardware interfaces, replacement provisions, etc) may be used in lieu of or in conjunction with test to verify compliance with the requirements. 
4.3.2 MMSE Verification Rbguirements Matrix 
Verification requirements for Section 3 paragraphs are identified in Table 4.1. The left-hand column of the matrix identifies each Section 3 requirement by paragraph number and where required, by sentence number of the paragraph. The verification methodes) for the various verification phases are presented in the matrix. The right hand column identifies the applicable Verification Plan paragraph number which defines and directs implementa-tion of each verification requirement. 
4.4 Test Support Requirements 
Test support including test facilities and equipment. bench setups, test software and test interfaces shall be as defined. 
4.4.1 Facilities and Eguioment 
a. Existing facilities/equipment with NASA or other Government agencies and contractors shall be utilized to the maximum extent 1'racticable. 
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TABLE 4-1 VERIFICATION CROSS-REFERENCE 
REQUIREMENTS FOR VERIFICATION SHEET 1 OF 1 
NOMENCLATURE : M!-lSE J CRIT. CAT: I 
CEI NO. CEI SPEC NO. i 
. 
I VERIFICATION METHOD VERIFICATION PHASES 
1. TEST A. DEVELOPMENT 2. ASSESS~IENT B. QUALIFICATION a. SIMILARITY C. ACCEPTANCE b. ANALYSIS D. INTEGRATED SYSTEM c. INSPECTION E. PRELAU~CH CHECKOUT d. DEMONS'l.'RATION F. FLIGHT VERIFICATION e. VALIDATION OF RECORDS G. LAUNCH 
H. POST FLIGHT 
N/A = NOT APPLICABLE 
PERl'OID1ANCE/DESIGN VERIFICATION ~lETHOD TEST/ASSESSMENT REQUIREMENT REFERENCE N/A A B C D E F G H REQUIREMENT REFERENCE I 
3.2.1.1 Subpane1 L12-Al ~!MSE 1 1 1 4.2.1, 4.2.2, 4.2.3 I 
3.2.1.2 Subpenel L12-A2 M!-ISE 1 1 1 4.2.1, 4.2.2, 4.2.3 I 
3.2.1.3 Subpanal L12-A3 ~E 1 1 1 4.2.1, 4.2.2, 4.2.3 I I 
, 3.2.1.4 Subpanel L1.2-A4 ~lMSE 1 1 1 4.2.1, 4.2.2, 4.2.3 
I 3.2.1.5 Subpanel LI2-A5 MMSE 1 1 1 4.2.1, 4.2.2, 4.2.3 i 3.2.1.6 Subpanel Lll-A3 ~lMSE 1. 1 1 4.2.1, 4.2.2, 4.2.3 I 3.2.1.7 Subpanel Lll-A4 ~lMSE 1 1 1 4.2.1, 4.2.2, 4.2.3 I , 
I 3.2.1.8 SUbpane1 LII-A5 ~E 1 1 1 4.2.1, 4.2.2, 4.2.3 
3.2.1.9 Subpane1 A7-A2 }~fSE 1 1 1 4.2.1, 4.2.2, 4.2.3 I - --- -- ----
~ ----"'. ~,·,'"' __ ,,'--'_c , 1 •• _, 
4' 
. ___ ,."","" ... 1 _r H 1)'" ,~ .~ r"l''''~ "-< ,,,:' l : ~. ~ - ~II 
_""'_'_L~ __ •• '_· _~---- ..... -~-~ 
~ .-.ioo!oioii t· M ee!:f 11 e';·~·""'-+ 
....... ------
b. ~SE test activities including test facilities/equipmeat, person-nel, and procedures shall be established and included in the Verification Plan. 
c. Maximum use of the same or common MMSK test equipment shall be used for testing at multiple locations to assure uniformity of test results. 
d. All test equipment shall be designed with a fail-safe goal such that test equipment failure will not degrade flight hardware. All test equip-ment shall be tested prior to interfacing with flight equipment to ensure that no damage or degradation to flight hardware will be induced. Appropriate tolerances shall be identified in the procedures, taking into account test equipment capabilities and flight hardware specifications, such that the test results will verify compliance with the flight hardware specifications. 
4.4.2 Articles 
Test articles, if required to support the test program, sball be as identified. 
4.4.3 Soft<.are 
Requirements governing sofo.are utilization in support of verification operations shall be as identified. 
4.4.4 Interfaces 
Where verification requires interfacing of the MMSE tdth other STS Project facilities/equipment, the Mission contractor shall direct and support the test activities in accordance with the applicable contractual agreement(s). 
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5.0 PREPARATION FOR DELIVERY 
Not applicable. 
6.0 NOTES 
6.1 Definition and Design Terms 
AFD core C&D - controls and displays equipment, of which MMSE is a part, to be 
utilized for payload operations in the Shuttle Orbiter aft flight 
deck. 
Panel/Subpanel - surface area upon which MMSE is arranged; MMSE design includes 
one full panel (L12) with five subpanels within it (L12-Al, -A2, 
-A3, -A4, and -AS) and four additional subpanels (Lll-A3, Lll-
A4, and A7-A2). 
6.2 List of Acronyms 
AFD 
AVT 
CDR 
CEI 
CIL 
C&D 
EMC 
FMEA 
GSE 
ICD 
LRU 
MFDS 
MMSE 
~IPC 
MS 
PDR 
phm 
PS 
RID 
SE&I 
SRU 
STE 
WES 
Aft Flight Deck 
Acceptance Vibration Test 
Critical Design Review 
Contr,lctor End Item 
Critical Items List 
Controls and Displays 
Electromagnetic Compatibility 
Failure Modes and Effects AnalYSis 
Ground Support Equipment 
Interface Control Document 
Line Replaceable Unit 
Multifunction Display System 
Multi-use Mission Support Equipment 
Manual POinti.ng Control 
Mil1isecond~ 
Preliminary Design Review 
parts per hundred million 
Payload Station 
Review Item Disposition 
Systems Engineering and Integration 
Shop Replaceable Unit 
Support Test Equipment 
Work Breakdown Structure 
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CONFUTER PROGRAM DETAIL SPECIFICATION 
PART I 
PERFORMANCE, DESIGN AND VERIFICATION REQUIREMENTS 
FLIGHT SOFTWARE 
CEI NO. ___ _ 
FOR 
il1i'T FLIGHT DECK CORE 
CONTROLS AND DISPLAYS 
APPROVED BY _________ _ 
APPROVED BY ___ -.;:;;~-----
CODE IDENTIFICATION _______ _ NASA 
DATE ___________ _ DATE 
: : ..... =--._--I I _~ ;' ___ "' 
-
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1.0 SCOPE 
This part of the specification establishes the requirements for per-formance, design, and verification of a Computer Program (CP) CEl identified as Core Control and Display (CCD) Flight Software for contract end item number TBD. This CP CEl is used to provide top level software requirements. This software is required to realize the full operational capability of the CCD equipmemt. 
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2.0 APPLICABLE DOCUMENTS 
The following documents, of exact issue shown, form a part of this specification to the extent specified herein. In event of conflict between documents reference here and other detail content of this specification. the detail requirements herein shall be considered superseding. Contractor specifications satisfying the intent of the below-listed documents may be used in lieu of the specifically listed documents after review and approval by MSFC. Reference to these documents contained herein shall be by basic number only. 
2.1 Orbiter Interface 
SS-P-0002-170 NASA Computer Program 6/7/76 Development Specification 
Volume I Book 7 
System Level Req 
S8-1'-0002-160 NASA Computer Program 6/10/76 Development Specification 
Volume I Book 6 
System Level Req 
Payloads 
2.2 SEacelab Interface 
EQ-MA-0002 MATRA I/O Unit 5/14/76 EQ-MA-0003 MATRA RAU Acquisition Unit 5/1/76 EQ-MA-OOIO MATRA Display System 5/15/76 EQ-MA-084 MATRA Data Bus Inter-
connecting Station 5/20/76 EQ-HA-OOOI HATRA Data Bus 5/18/76 
2.3 Standards 
TBD 
2.4 Other Publications. 
JSC 07700 Space Shuttle Systems, 
Payload Accommodations, 
Volume XIV, Revision C, 
Change No. 12. 
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3.0 REQUIREMENTS 
3.1 CPCEl Definition 
3.1.1 General Description 
This document is limited to the specification of top level software requirements. This software is required to realize the full operational cdpability of the Aft Flight Deck (AFD) CRT/KB display and the software driven controls and displays. 
The software to implement these requirements may be partially or totally located in four different computers/processors depending on the particular mission flown (Spacelab Experiment Computer, Payload Peculiar Computer, Orbiter GPC, and the Display Electronics digital processor). It will be the responsibility of the phase C/D contractor, under WBS 07 01, to perform trade study analyses to determine the best location of this software to best satisfy the top level requirements of this specification, and provide the detailed Computer Program Specification Documents (CPSD). These CPSD will constitute the "code to" specifications for building the software programs. 
This top level specification is independent of the equipment type and location of sofb~are pro~r=s. It represents the results of a software requirements analysis performed on NASA contract NAS8-3l789. This analysis determined that the software required to support each payload in the mission model had many common requirements. Th. 'se common software modules are defined in this specification and are referred 1~ as the Core Control and Display (CCD) systems software. This CCD softw&,e will fly on every flight requiring software driv~n CCD hardware. and can be thought of as an extension of the systems software provided by the main computer (Orbiter, Spacelab or payload provided) interfacing with the ccn. 
3.1.2 Missions 
The software controlled by this CPCEI is limited to the CCD software. The relationship (mission) between this software module and payload applica-tion or systems software is defined in this section. 
The application software is mission unique softwara. The requirements and development of the applications softl~are will be the responsibility of the payloads. This software will interface with and utilize the services prOVided by the systems software and the CCD software. In addition, the systems softo~are l~ll provide executive structure and control for the payload provided applica-tions software. 
The systems software is resident in the main computer (Orbiter GPC, Spacelab Experiment Computer, or Payload prOVided computer) at ell times and flies on every mission. It is that softl~are required to control and communi-cate with peripheral hardware, schedule application software programs, and to 
3 
i1 .. , 
handle data management of all commJnication formats. This software will be 
provided by the supplier of the main computer. 
The Core Control and Display (CCD) software is a combination of the 
display software contained in the CCD electronics unit, and the CCD software 
located in the main computer. The main computer CCD sofa.are is an extension 
of the systems software. This combination of sofa.are is a fixed service 
and will therefore fly on every mission. The top level requirements for this 
combination of softl.are are defined in this document and represent the purpose 
of this CEl. 
3.1.3 Operational Concepts 
This paragraph is not applicable to a CP CEl detailed specification. 
3.1.4 0-ganizetional and Management Relationship 
MSFC has been designated as the lead NASA center for the Aft Flight 
Deck Payload dedicated controls and displays program. The core C&D equipment 
will be located in the Orbiter AFD, and therefore JSC will be required to ensure 
ICD compatabi1ity. 
3.1.5 Systems Engineering ReqUirements 
3.1.5.1 Systems Engineering and Integration 
Systems engineering and integration will include performance of the 
analyses and studies necessary to define requirements for the Aft Flight Deck 
Payload Core C&D, interfaces. ground support equipment (GSE) and special test 
equipment (STE), and product assurance. Systems design and integration, 
operations requirements analyses, GSE and STE requirements, and systems test 
requirements are all a part of the ~~t Flight Dec1< (AFD) Core C&D engineering 
and integration (SE&I) task. Also included are interface analyses and defin-
ition, PSS specification development and weight management. The objective 
of the SE&I analysis is to assure an integrated AFD core C&D design that pro-
vides a core capability for operating and controlling the many anticipated 
payloads for the Shuttle Orbiter, at the lowest life cycle cost to the Shuttle 
Program, compatible with the required level of capability and limitation inf01"-
mation to prospective payload developers. 
3.1.5.2 Work Brealtdmm Structure (vmS) 
The WES for the AFD core C&D will be in accordance with MA-06, refer-
ence Volume III, Part I. 
3.1.6 Government Furnished Property List 
This CP CEI .<ill not incorporate any GFP computer programs; however, 
the core C&D software will include both software resident in tid MFDS electronics 
unit as well as in the Spacelab Experiments Computer. 
3.1.7 Critical Components 
Not .applicable. 
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3.2 Characteristics 
3.2.1 Performance 
3.2.1.1 System Requirements 
There shall be four peripheral functions serviced by the main computer via three Spacelab type data buses (Figure 3.2-1). Three display and keyboard sets will be serviced on two of the data buses, and the MMSE (panels L-ll and L-12) shall be serviced via a RAU on the remaining experiment data bus. Each keyboard and display shall have the capability of communication with either the subsystem or experiment data bus. All functions on the experiment bus connected to the RAU shall be serviced TBD times per second to assure prompt recognition of commands and timely display of data response. 
In addition, the electronics unit driving the Multifunction Display System (MFDS) shall have the capability to interface ~1ith the Orbiter data bus (DK-4). 
3.2.1.2 Operational Requirements 
The operational requirements divide into two basic types. The first type are the display functions and the second type are the MMSE RAU functions. Each of these categories contain several sub functions which are presented in the following paragraphs. 
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3.2.1.2.1 RAU - Event Timer 
Provide an "Event Timer" (ET) module with functional characteristics 
sho~~ in Figure 3.2-2 and detailed requirements defined in the following 
paragraphs. This software module shall interface through a RAU interface 
with event timer electronics. 
3.2.1.2.1.1 Input 
The ET module shall be capable of receiving commands either from a 
keyboard or a data base, via application software. A KB request for event 
timer setup followed by information specifying KB or data base data control 
shall call up the event timer software module and specify its subsequent 
operation. The controlling input data shall be page ID, timer number, start 
ti~o, up/down control, and data initiate. 
3.2.1.2.1.2 Output 
The output from the ET module shall consist of start, up, and down 
controls, combined with a starting time value. 
3.2.1.2.1.3 Processing 
When data base control is requested the ET shall use the current page 
ID number to obtain all subsequent inputs from the data base. If KB entry 
is requested the input data shall be supplied from the mission unique applica-
tion softl~are via the KB. The ET module shall format the time into four 
transmissions of 4-bit coded data, one for each time character. Using the 
input timer number it shall also format the address code for the time charac-
ter (1 of 8) being addressed. The start input shall specify the address of 
the variable which the ET module shall monitor to determine when to send the 
start signal. 
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3.2.1.2.2 RAU - Manual Pointing Control 
Provide a "Manual Pointing Control" (MPC) module with functional characteristics shown in Figure 3.2-3 and detailed requirements defined in the following paragraphs. This software module shall interface through a RAU.interface with a MPC subpanel. 
3.2.1.2.2.1 Input 
There are 19'bilevel and four proportional input signals to the MPC softt~are module. 
4 Proportional - + pitch, ± yat~ 
2 Bilevel - ccw, cw control 
3 Bilevel - high, medium, 10~1 
12 Bilevel - selector switch 
2 Bilevel - on, off 
These input variables will be obtained from the RAU interface via the main computer system software input data queue. 
3.2.1.2.2.2 Output 
l~e output of the MPC module shall consist of 36 pointing variables representing pitch, yaw and roll control for up to 12 different pointing systems. The 36 variables shall interface with mission unique application software. 
3.2.1.2.2.3 Processing 
The MPC software module shall determine if pointing control is required by monitoring the on/off input. If off is commanded all output variables shall be set to zero. If on is commanded the following processing will be performed. First the selector switch shall be examined to determine which data base and output variables are currently active. Second the pitch, yat~ and roll rate shall be determined by multiplying the rate inputs by a scale factor obtained from the data base. Finally, the three scaled outputs shall be placed in the selected output data queue. 
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3.2.1.2.3 RAU-Selectable Slewed Digital Displav~ 
Provide two ""electable Slewable Digital Display" (SSDD) mc;dules with functional characteristics shown in Figure 3.2-4 and detailed requiJ:ements de-fined in the following paragraphs. Th~s software module shall interface through a RAU interface with digital displays. 
3.2.1.2.3.1 Inputs 
The SSDD module shall receive 12 bilevel inputs from a selector switch and t°./o bilevel signals from the slew command, via- the RAU interface. One propor--tional input is required from the application software to defi"e the display value. In addition, the data base shall supply the information for the two LED displays. 
3.2.1.2.3.2 Outputs 
All outputs from the SSDD module shall be placed in an output data queue to be utilized by either system software or application sofn<are. 
3.2.1.2.3.3 Processing 
The SSDD module shall monitor 12 bilevel signals and determine which mission unique application has been requested. This selection shall set an index which will control the data base selection. The data base will furnish the address of the digital data to be displayed and the titles for the two LED displays. The SSDD module shall then interrogate the slew command and place its status in the address specified by the data base. Finally the SSDD shall place the digital display data, obtained from the application software in the output data queue for processing by the output coupler. This output function shall include address encoding for communication l<ith the system software serial data bus. 
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3.2.1.2.4 RAU - Meter Displays 
Provide a "Meter Display" (MD) module with functional characteristics shown in Figure 3.2-5 and detailed requirements defined in the following para-graphs. This software module shall interface through a RAU with an analog metero 
3.2.1.2.4.1 Inputs 
The MD module shall receive 12 bilevel signals from the input data queue of system software. In addition, it shall receive three proportional sig-nals from the mission unique application software. 
3.2.1.2.4.2 Outputs 
The output of the MD module shall consist of three proportional vari-ables to be placed in the system software output data queue. 'Cr.€' system soft-ware shall use this data to drive the analog meters. 
3.2.1.2.4.3 Processing 
The MD shall monitor 12 bUevel variables in the input datil queue and derive an index to be utilized by the data base. Under index control the data base shall specify to the MD the address of where the selected 3 of 36 appli-cation software variables are, to be processed for meter display. In addition it shall provide the address encoding to communicate with the RAU serial inter-faces. 
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3.2.1.2.5 RAU - Selectable Switches ~nd Status Flags 
Provide three "Selectable Switch and Status Flag" (SSSF) modules with functional characteristics shown in Figurs 3.2-6 and detailed requirements de-fined in the following paragraphs. This software module shall interface through an experiment RAU with these switches. 
3.2.1.2.5.1 Inputs 
The following inputs are required by the SSSF module: 
12 Bilevel-switch selector 6 Bilevel-discrete commands 6 Bilevel-status flag commands 
3.2.1.2.5.2 Outputs 
The SSSF module shall supply six bilevel outputs to the system software output data queue. The 6 output variables shall be placed in 6 of 72 variable locations representing one of 12 sWitch selections. These variables shall drive the status flags via the experiment RAU. 
3.2.1.2.5.3 Processing 
The SSSF module shall moM tor the 12 bilevel input commands and set an index to be used to control :election of data from the data base. The data base will supply address to specify where the discrete commands are to be sent (6 of 72), and where in the application software the status flag commands are located (6 of 72). 
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3.2.1.2.6 Display - Experiment Alert 
Provide an "Experiment Alert" (EA) module with the functional charac-teristics shown in Figure 3.2-7 and the detailed requirements defined in the following paragraphs. This software module shall interface with the display data buses to provide alert status on the bottom line of all three displays. 
3.2.1.2.6.1 Input 
The input to the EA module shall be a data base driven table contain-ing addresses of 200 applications software variables. 
3.2.1.2.6.2 Output 
The output of the EA shall be the out-of-tolerance alert variable, based on a first in first out bases. Wfcen requested the status of all 200 alert parameters currently being monitored shall also be displayed. 
3.2.1.2.6.3 Processing 
The EA module shall monitor up to 200 variables for out-of-tolerance conditions. The variable name, location, scale factor, upper limit, lower limit, and system identification shall be stored in the EA data base. If more than 200 variables are required, the system software, under control of the mission unique software shall be able to change the 200 variable data base. The ~~ module shall sequentially check the 200 specified addresses to see that each variable is within tolerance. 
The s~atus of all 200 variables shall be stored in a table for and display upon KB request. The first alarm entered into this table shall be sent to all displays USing a first in, first out (FIFO) data flow. 
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3.2.1.2.7 Display - Crosshair Pointing Control Lll-2 
Provide a "Crosshair Pointing" (CP) module with functional 
characteristics shown in Figure 3.2-8 and detailed requirements defined in 
the following paragraphs. This software module shall interface with the 
crosshair adjustments, and the video display. This software module shall 
allow setup of the next pointing while data is being taken on the current 
sighting. 
3.2.1.2.7.1 Input 
The CP module requires the fOllowing inputs: 
12 Bilevel-switch positions 
1 Bilevel-control request 
1 Bilevel-pointing execution 
TBD Crosshair position signals 
3.2.1.2.7.2 Output 
The CP module shall output signals to the electronics unit to position 
"cross hairs" and to the application software for pointing system control. 
3.2.1.2.7.3 Processing 
The CP module shall monitor the 12 bilevel switch positions from the 
experiment RAU to determine which pOinting system has been requested. Next 
a determination shall be made if crosshair control has been selected. If so 
the crosshair position signals shall be monitored to determine the placement 
of the crosshairs on the video monitor. During this operation the crosshair 
pointing execution command shall be monitored to determine when point error 
signals are to be computed. 
l~en pointing execution is requested the CP module shall determine 
the display scale factor from the data base indexed by the switch selection 
and compute the difference between video screen center and the crosshair 
location. This output shall be made available to application software for 
pointing control. 
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3.2.1.2.8 Display - Plot 
Provide a plot module with functional characteristics shown in Figure 3.2-9 and detailed requirements defined in the following paragraphs. This software module shall interface wHh the display data bus. 
3.2.1.2.8.1 Input 
The plot module shall receive inputs from data base storage, display variable storage and plot variable storage. These inputs shall be supplied by the payload user via his mission unique application software. 
3.2.1.2.8.2 Output 
The output from the plot module shall be a block of data providing an integrated plot for display on the CRT. 
3.2.1.2.8.3 processing 
Mission unique application software shall supply the data base require-ments together with variable display and plot information to the plot module. It shall be the function of the plot module to integrate these five different types of input information into a plot display and output the information to the display data bus. 
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3.2.1.2.9 Display - Set N Bilevel 
The majority of all actions on the CRT/KB take the form of selecting between several items. Because of this, two (one for each keyboard) data base driven programs which select N bilevel options displayed on a CRT and respond with the status of the command action shall be provided for payload use. A functional sketch of this softlvare requirement is shown in Figure 3.2-10 and the detailed requirements are defined in the following paragraphs. The "Set N Bilevel" (SNB) module requires that a page of alphanumeric proced-ures has been generated by payload mission unique application software and identified with a unique page number. It further requires that each bilevel selection has a unique identification number within the text page. 
3.2.1.2.9.1 Input 
The inputs for the SNB module are the CRT page number, the KB command number, and the input data queue from the systems software. 
3.2.1.2.9.2 Output 
The output for the SNB module are variables placed in the output data queue, and response word messages to the display systems software. 
3.2.1.2.9.3 Processing 
The SNB module shall select the current data base under control of the CRT page number. The portion of this data base, which is active, shall be controlled by the KB command number. When the KB command number is received, the SNB module shall look up in the data base the address of the current com-mand number (i.e., on-address or off-address for power) and place the table specified command action in the output data queue. 
This same KB command shall also direct the monitor module to obtain the address of the variables to be monitored in the input data queue. These variables shall be monitored for true or false readings if bilevel and checked against upper lower limits if proportional. The monitor module shall then send the bilevel response generator module a good or bad mp.ssage associated with that command, together with the KB command and page number. This information shall activate the bilevel response generator (BRG) module to obtain from its data base the payload specified alphanumeric response and the location of this response. The BRG module shall send this information to the display systems software for transmission to the CRT display which activated this sequence. 
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3.2.1.2.10 Display - Set N Proportional 
Two "Set N Proportional" (SNP) modules (one for each KB) to set digital numbers in response to a KB command shall be provided. A functional diagram of this control and display is shown in Figure 3.2-11 and the detailed require-ments are defined below. 
3.2.1.2.10.1 Input 
The inputs for the SNP module are a CRT page number and a rCB command number, and the payload data variables from the mission unique application software. 
3.2.1.2.10.2 Output 
The output for the SNP module are proportional command variables for application software and the response data words to be sent to the CRT dis-play. 
3.2.1.2.10.3 Processing 
The SNP module shall obtdin the data base defined by the CRT page command, and operate on that portion specified by the KB command number. The data requested On the display shall be sent to the address specified by the data base for use by mission unique application software. In addition, if specified by the payload user in the proportional response data base, data will be sent to the display. The address of this data shall be obtained from the proportional response data indexed by the page and KB command number. These response variables and any associated alphanumeric message shall be sent to the display system software for presentation on the display which generated the original command. 
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3.2.1.2.11 Display 
Memory and logic shall be provided to generate 20 display formats. TBD shall be fixed and furnished to all payloads and TBD shall be available for mission unique requiremen~s. The standard displays shall include: 
1. Proportional tables. 
2. Bileve1 tables. 
3. Orbiter Payload Bay Look angle. 
4. Segmented (split screen) table formats. 
3.2.1.2.11.1 Input 
Display number and mission unique application software variables. 
3.2.1.2.11.2 Output 
A block of data containing the integrating foreground and background information for display 
3.2.1.2.11.3 Processing 
The display number shall command the display module to access the display data base and the subset specified by the display number. This data base shall contain all the background information for the standard display and the addresss of the application software variables. The data specified by the data base address shall be obtained, scaled, and inserted in the speci-fied locations of the data block. The display module shall then output this integrated data block to the display systems software for output to tha CRT/ KB iqhich requested the display. 
3.2.1.3 Data Base Requirements 
The data base requirements for each functioLal module are specified in paragraph 3.2.1.2. 
3.2.2 Re1iabili~ 
The CCD software shall be classified as error free. Sufficient veri-fication and validation testing shall be performed to check all functional operating requirements. 
3.2.3 Environment 
3.2.3.1 Transportation and Storage 
The flight software shall perform as specified herein after a nonoperating condition to any combination of the environments and specified in JSC-07700, Volume XIV and MJ070-0001-lB. 
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3.2.3.2 Handling 
The flight sofa.are shall perform as specified herein after exposure to the environmental ranges specified in JSC-07700, Volume XIV when handled unpackaged. 
3.2.L, Operational Availability 
This preliminary part I eEl shall be updated as required by the PS con-tractor. The PS contractor shall maintain this document in the final Part I eEl form through the change control system established. 
The Part I eEl document shall be submitted at the Preliminary Design Review (PDR) for final approval by MSFC prior to the start of the Development Phase. Review Item Disposition, (RIDs) written against the CEI and approved, shall be incorporated into the Part I CEI. After acceptance by MSFC, this docu-ment will be Government property, and shall be formally controlled as such in accordance with the requirements of the procuring activity. The software con-trolled by this epeE I shall become fully operational after development and acceptance in tqe Software Development Laboratory. 
3.2.5 Transportability/Transportation 
The flight software shall be shipped in a container specifically de-signed to protect the software during highway and air transportation. Vibra-tion, shock, pressure, tempereture, humidity, contamination, and magnetic fields shall be controlled to levels specified below. All handling end trans-portation equipment shall be compatible with applicable structural and environ-mental limits. 
3.2.6 Storage 
The flight softt.are shall have a storage life of ten years. Control shall be maintained on all parts and materials which are sensitive to age or the storage environments specified in paragraphs 3.2.3.1 and 3.2.3.2. These parts and materials shall be identified, and if deterioration "is a factor during storage or after installation for use, the maintenance procedures shall indi-cate a replacement cycle or the necessary retesting. 
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3.3 Design Requirements 
3.3.1 General Design and Programming Standarl3 
Since the CCD software requirements spans two computers, the detailed design and programming standards will be different for each computer; The general standards should comply with a modular design controlled by the func-tion definition of paragraph 3.2.1. Each function shall be capable of being developed independently to a common set of standards which control at least flow chart symbols, input and output processing, documentation, coding tech-niques, and verification testing. 
3.3.2 Human Performance/Human Engineering Standards 
The display and MMSE software functions shall be serviced at least TBD times per second to assure cOD1lIlands are serviced and displays are refreshed in a timely manner. 
3.4 LogistiCS 
This paragraph is not applicable to a CPCEI specification. 
3.5 Personnel and Training 
The CCD software cor 'd by this CpeEI will be developed by two con-tractors - the payload stati~. Jntractor and the mission contractor. The personnel to maintain the softwa.re and train payloads in the use of it shall be the responsibility of the mission contractor. The payload station con-tractor shall furnish a computer program description document for use by the mission contractor. 
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3.6 Interface Requirements 
3.6.1 Interprogram Interface Reguirements 
Interfaces between the AFD core C&D program, of >lhich this specifica-tion is part, and other programs (e.g., Orbiter, Spacelab, IUS) will be controlled by ICDs to be supplied by the Phase c/D Contractor. This will include mechanical, electrical, and software interfaces. 
This CPCEI . (CCD Flight Software) defines the total software require-ments to deliver an operational flight CCD system. It will impact the soft-ware CPCEI of the main computer utilized, and interfaces with the CCD system (Figure 3.6-2). The software relationships between the main computer systems software and application softtvare versus the portion of the CCD software in the electronics unit processor is defined in paragraph 3.1.2. 
Early in the Phase c/D contract, trade studies shall be performed to determine which portion of the software functions in this CPCEl will be implemented in the electronic unit processor. 
At this time an ICD will be written which defines the electronic unit and RAU hardware to software data bus interface functions. This document shall include enough information to totally define to a payload user the communica-tion protocol of the interface. This shall include but not be limited to: 
a. Command formats 
b. Response request formats 
c. Software to hardware operating descritpion 
3.6.2 lntraprogEaro Interface Requirements 
The relationship oetween this eEl and the other CEls within the AFD core C&D program is shown in :;"igure 3.6-1. Each eEl (project lev,~l.) defines the specific interface requirements applicable to the individual project. 
MFDS MMSE GSE FLIGHT SOFTWARE GROUND TEST eEl eEl eEl eEl SOFTWARE eEl 
r I I I J 
Figu:pe 3.6-1 IntT'apT'ograJn CEIs 
3.6.3 lntraproject Interface Requirements 
Not applicable. 
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4.0 VERIFICATION 
The verification program is designed to verify that the flight software conforms to the design and performance requirements as specified in Section 3 herein. Each requirement presented in Section 3 shall be verified by analysis or tast as specified in this section. 
4.1 General 
The following subparagraphs specify the organizational responsibility for accomplishing verification, verification methods and the relationship of verification to management reviews. 
4.1.1 Responsibility for Verification 
The CCD flight softlqare controlled by this CPCEI will be implemented in two processors as defined in paragraph 3.6. The portion which is implemen-ted in the display electronics unit will be developed and verified by the Payload Station Contractor. The portion which is implemented in the main computer will be verified by the Mission Contractor. The combined integrated testing of the'CCD flight software will be verified and accepted in the soft-ware development laboratory. 
4.1.2 Verification Method Selection 
Verification methods shall include test during each verification phase as applicable. An assessment shall be made whether verification shall be accomplished by similarity, analysis, inspection, demonstration or test. 
4.1.3 Relationship to Management Reviews 
For development of flight software there shall be five management reviews: 
Preliminary Design Review 
Critical Design Review 
Test Readiness Review 
Verification Review 
Acceptance Review 
These reviews relative to the flight software development 9hall be as shown in Fignre 4.1-1. 
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4.2 Phased Verification Requirements 
4.2.1 Development 
During the development phase. independent and parallel development will be taking place on the two parts of this CPCEI (electronics processor and main computer). To assure first time operating compatibility between the two software programs, a high degree of customer and mission contractor vis-ibility in the form of verification by analysis is required. This shall include an assessment of the ICD software modules to assure that development details which impact the interface are thoroughly analyzed for systems interface compatibilities. Tests shall be developed by both contractors to verify the interfaces which are being developed per the rCD. These tests shall be veri-fied by the customer during the early phase of acceptance. 
4.2.2 Qualification 
Not applicable. 
4.2.3 Acceptance 
Since there are two programs which make up the total software package satisfying this CPCEI acceptance shall be performed in 0'0 parts. The fir8t part shall be a combination of verification and validation as shown in Figure 4.1-1. The development tests .defined in 4.2.1 will be exercised as a part of early acceptance testing. The Payload Station Contractor shall utilize the GSE to simulate and test all software interfaces with the main computer. 
The second part of acceptance shall be a combined integrated Payload Station Contractor and Mission Contractor test. This test t.ill constitute final acceptance of this CPCEI and shall be performed in the softvlare devel-opment laboratory. 
4.2.4 Integrated Systems 
This phase consists of the testing performed after the mating of the flight software with the Orbiter or Spacelab subsystems, and will be the res-ponsibility of the Mission Contractor. The PS Contractor shall support the Mission Contractor. 
4.2.5 Prelaunch Checkout 
This phase of testing will be the responsibility of the Mission Con-tractor, and the PS Contractor shall support the Mission Contractor. 
4.2.6 Flight/Mission Operations 
This phase of testing will be the responsibility of the Mission Con-tractor. 
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4.2.7 Post-Flight 
This phase of testing will be the responsibility of the Mission Con-tractor. 
4.3 Verification Cross-Reference Index 
A veriEication cross-reference index shall be provided to cross-reference each verification requirement with each Section 3 require-
ment. The detailed verification requirement reference for all items shall be defined in software section of the Master Verification Plan. Only analyses and test methods shall be used in verification during the development and acceptance phases. Analysis shall consist of automatic and manual verification, which assures that the end item code meets the require-ments of the detailed code to specification approved during the PDR and CDR review cycle (see Figure 4.1-1). The test method shall be called Validation. Validation shall test the end item code against detailed requirements ICD and CEI specifications. All functions controlled by this CPCEI shall be vali-dated in a systems test configuration using the flight hardware and software. 
4.4 Test Support Requirements 
Test support including test facilities and equipment, bench setups, test software and test interfaces shall be as defined. 
4.4.1 Facilities and Equipment 
a. EXisting facilities/equipment with NASA or other Government agencies and contractors shall be utilized to the maximum extent practicable. 
b. Test activities including test facilities/equipment, personnel, and procedures shall be established and included in the Verification,Plan. 
c. Maximum use of the same or common test equipment shall be used for testing at multiple locations to assure uniformity of test results. 
d. All test equipment shall be designed with a fail-safe goal such that test equipment failure will not degrade flight hardware. All test equipment shall be tested prior to interfacing with flight equipment to ensure that no damage or degradation to flight hardware will be induced. Appropriate tolerances shall be identified in the procedures, taking into account test equipment cap-abilities and flight hardware specifications, such that the test results will verify compliance with the flight hardware specifications. 
4.4.2 Articles 
Test articles, if required to support the test program, shall be as identified. 
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Requirements governing software utilization in support of verification operations shall be as identified. 
4.4.4 Interfaces 
All software interfaces be~,een the Payload Station Contractor and the flight software in the main payload computer shall be verified by the Mission Contractor in a Software Development Laboratory. 
5.0 PREPARATION FOR DELIVERY 
Not applicable. 
6.0 NOTES 
6.1 Abbreviations and Acronyms 
AFD 
AR 
BRG 
CCD 
C&D, C/D 
CDR 
CPCEI 
CP 
CRT 
DBC 
DDU 
DEU 
EA 
ET 
EU 
FIFO 
GFE 
GPC 
GSE 
!CD 
In 
I/O, IOP 
I/S 
IUS 
KB 
LED 
Aft flight deck 
Acceptance Review 
Bilevel Response Generator 
Core control and displays 
Controls and displays; Procurement Phases C and D Critical design review 
Computer Program Contract End Item 
Crosshair Pointing 
Cathode ray tube 
Data bus coupler 
Data display unit 
Display electronics unit 
Experiment Alert 
Event Timer 
Electronics Unit 
First In First Out 
Government furnished equipment 
General purpose computer (Orbiter) 
Ground support equipment 
Interface Control Document 
Identification 
Input/Output Processor 
Interconnecting station (Spacelab) 
Interim Upper Stage 
Keyboard 
Light emitting diode 
36 
-=,' -.r: -
;i. 
, 
I 
1 
j j 
1 
1 
. , 
! 
I 
I 
~=,,"'_ "~'-'_'.-h _______ _ 
MD 
MDM 
MFDS 
MMSE 
MPC 
MS, MSS 
NSP 
OOS 
PCMMU 
PDI 
PDR 
PL, ph 
PS, pss 
PSP 
RAU 
RID 
SE&I 
SIPS 
SL 
SLC 
SM 
SNB 
SNP 
SS, Sis 
SSDD 
SSSF 
STE 
STS 
sw, s/w 
TP 
TRR 
TSP 
VR 
WBS 
Meter Display 
Multiplexer-demultiplexer 
Multi-Function Display System 
Multi-use Mission Support Equipment 
Manual pointing controller 
Mission Station, Mission Specialist, Mission 
Specialist Station 
Network signal processor 
On-orbit station 
Pulse code modulation master unit 
Payload data interleaver 
Preliminary design review 
Payload 
Payload Station, Payload Specialist, Payload 
Specialist Station 
Payload signal processor 
Remote acquisition unit 
Review Item Disposition 
Systems engineering and integration 
Small Instrument POinting System 
Space lab 
Spacelab computer 
Systems management 
Set N Bilevel 
Set N Proportional 
Subsystem 
Selectable Slewable Digital Display 
Selectable Switch & Status Flag 
Space test equipment 
Space Transportation System 
Software 
Twisted pair 
Test Readiness Review 
Twisted shielded pair 
Verification Review 
Work breakdown structure' 
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1.0 SCOPE 
This pa.rt of the specification establishes the requirements for performance, design, and verification of a Co~puter Progra~ eCp) CEI identified as Core Control and Display (CCD) Ground Test Software for contract end item number TED. This CpCEI is used to provide top level softwa:ce requirements necessary to control software progra~s in the G8E. l'he co~bination of the GSE CEI and this Cl'CEI lii11 constitute a system capable of testing and isolating CCD problems to the replaceable subpanel level. 
2.0 APPLICABLE DOCUMENTS 
The following documents, of exact issue shown, for~ a part of this specLfication to the extent specified herein. In event of conflict be-tlieen documents referenced here and other detail content of this specifi-cation, the detail requirements herein shall be considered superseding. Contractor specifications satisfying the intent of the below-listed docu-~ents may be used in lieu of the specifically listed documents after re-view and approval by MSFC. Referenc€ to these documents contained herein shall be by basic number only. 
2.1 Orbiter Interface 
8S-p-0002-170 
SS-p-0002-160 
2.2 Spacelab Interface 
EQ-MA-Ou02 
EQ-MA-0003 
EQ-MA-OOlO 
EQ-MA-084 
EQ-MA-OOl 
2.3 Standards 
TBD 
NASA 
NASA 
MATRA 
MATRA 
MATRA 
HATRA 
MATRA 
Co~puter Progra~ 
Develop~ent Specification 
Volume I Book 7 
Syste~ Level Requirements 
Computer Program 
Development Specification 
Volume I book 6 
System Level Requirements 
Payloads 
I/o Unit 
RAU Acquisition Unit 
Display System 
Data Bus Interconnecting 
Station 
Data Bus 
6/7/76 
6/10/76 
5/14/76 
5/01/76 
5/15/76 
5/20/76 
5/18/76 
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3.0 REQUIREMENTS 
3.1 CPCE! Definition 
3.1.1 General Description 
This CPCEI shall control three major functions. The first is the I/O processor module. This module shall provide communication with hardware circuits which interface with the AFD CCD equipment. The second function is the executive and interpreter. This module shall sequentially execute command and monitor functions as specified by the test sequeuce. It will utilize the I/O software module to interface with the hardwa.re. The third module is the test sequence. This module is the largest and contains all test intelligence to allOt~ the GSE to perform its function. 
3.1.2 Missions 
This CPCEI will be used to accept and test all AFD CCD equipment. 
1.1.3 Operational Concepts 
This paragraph is not applicable to a CPCEI detailed specification. 
3.1.4 Organizational and Management Relationship 
MSFC has been designated as the lead NASA center for the Aft Flight Deck Payload dedicated controls and displays program. The core C&D equipment will be located in the Orbiter AFD, and therefore, JSC will be required to ensure ICD compatability. 
3.1. 5 Sys tl~ms Engineering 
3.1.5.1 ~ystems Engineering and Integration 
Systems engineering and integration will include performance of the analyses and studies necessary to define requirements for the Aft Flight Deck Payload Core C&D, interfaces, ground support equipment (GSE) and special test equipment (STE) , and product assurance. Systems design and integration, operations requirements analyses, GSE and STE requirements, and systems test requirements are all a part of the Aft Flight Deck (AFD) Core C&D engineering and integration (SE&I) task. 
3.1.5.2 Work Breakdown Structure (WBS) 
The WBS for the AFD core C&D will be in accoruance with MA-06, reference Volume III, Part I. 
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3.1.6 Government Furnished Property List 
This CPCEI will not incorporate any GFP computer programs. 
3.1.7 Critical Components 
Not applicable. 
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3.2 Characteristics 
3.2.1 Performance 
3.2.1.1 System Requirements 
The GSE which is controlled by this CPCEI is described in The Ground 
Support Equipment CEI. Figure 3.2-1 shows the three major software functions 
and their relationship to each other and the peripheral hardware. 
I DISK I 
ob 
TEST 
r 
KEYBOARD 
I/O DISPLAY 
EXECUTIVE PRINTER 
AND 
INTERPRETER 
CCD 
Figuve 3.2-1 GSE Sof~are FUnations 
The Executive and Interpreter (EI) module will request a test from 
the Test Sequence (TS) Module stored on the disk. The Interpreter in the 
EI module will sequentially decode each test instruction. The first ipstruc-
tion shall contain the text page for the CRT display. This text shall define 
the test objective command, response and success criteria. The second instruc-
tion shall contain the stimulus to be applied to the CCD I/O. The third 
instruction shall contain the delay required before the response instruction 
is executed. Finally, the total test result shall be dumped to the printer 
for a permanent record. 
3.2.1.2, Operational Requirements 
3.2.1.2.1 I/O Module 
The I/O module shall be capable of commanding and monitoring the 
following devices specified in the GSE CEI; 
Printer 
Disk 
CRT Display 
CCD Equipment 
Keyboard 
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3.2.1.2.2, Executive-Interpreter (EI) 
The EI module shall be capable of sequencing through the tests stored on the disk, executing commands within the test, displaying the test and re-sults on the CRT, and printing the final test result on the printer. 
3.2.1.2.3 Test Sequence (TS) 
The Test Sequence (TS) module shall contain a series of tests which check all functions of the CCD equipment to the replaceable subpane1. This TS module shall include. but not be limited to, the tests defined in Table 3.2-1. 
3.2.1.3 Data Base Requirements 
No data base requirements are required for this CPCE!. 
3.2.2 Reliability 
The software shall be capable of isolating problems to the replace-able subpanel without error. 
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TABLE 3.2-1 CCD TEST SOFTWARE REQUIRnMENTS 
MMSE TYPE 
Rotary Switch 
Toggle Switch 
MOmentary Toggle 
Switch 
Status Indicators 
Analog Meters 
Digital Displays 
TEST OBJECTIVE 
Verify each position 
Verify each position 
Verify each position 
Verify each position 
Verify full-scale 
deflection and null 
Verify the ability of 
the digital display to 
accept addressed com-
mands from the experi-
ment RAU and display properly the required 
numeric characters. 
COMMAND 
~1anual 
Manual 
Manual 
Bilevel 
Digital Word 
Digital Commands 
Alphanumeric Displays Verify the ability of Digital Commands the display to accept 
addressed commands from 
the experiment RAU and display properly the 
required alphanumeric 
characters. 
--,-------.<-~~~" .. "....:=~ 
RESPONSE 
Bilevel 
Bilevel 
Bilevel 
Manual 
Manual 
Manual 
Manual 
SUCCESS CRITERIA 
Bilevel received 
Bilevel received 
Bilevel received 
Position activated 
Full-scale deflection 
and null received with TBD% accuracy of full-
scale 
Appropriate characters displayed 
Appropriate characters displayed 
-' -~--- .~.",'-='--"~"'~------<'=~~=--~"~.~',.ii :._= .. =.~=.=~~,>=. =' :=.: ...:':-':'-:' :' ."~-:"~:":'~:. :~:', :-:, :-:: ~:-:~-:.:;::t':~:-~-.~' ;"~~;I-:" ::~;;:j;;;;:;;:;:;=;;'-=lil-' .~ . __ ~, __ ~---~--~=..;w,." "'<'$ 
:J 
\' 
ii Ii 
" " 1: 
" 
<J 
:( 
Ii , 
r; 
~ 
" 
. 
! 
!: 
~j 
.... 
TABLE 3.2-1 (Continued) 
MMSE TYPE 
Event Timer 
Potentiometers and 
MPC 
---- _.. ~---.-.-.-----. 
TEST OBJECTIVE COMMAND RESPONSE 
Verify the ability of Manual or Digital l~ord Manual the timer to accept from 
either the experiment 
BAU or manual input 
switches preset times, 
count up/down commands 
and start/stop com-
mands. Verify the 
ability of the timer to 
count up/down as re-
quired. 
Verify the capability 
of the potentiometers 
and MPC to supply the 
full range of analog 
voltage. 
Manual Analog Voltage 
SUCCESS CRITERIA 
Appropriate count up/ 
down sequences 
Proper range of analog 
voltag~ .ceived 
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TABLE 3.2-1 (Continued) 
DISPLAY 
UNIT TEST OBJECTIVE 
Horizontal Deflection 
Amplifier 
Vertical Deflection Amplifier 
Video Amplifier 
CRT 
High Voltage Power Supply 
BIT 
Low Voltage Power Supply 
LO~l Voltage Control 
brant Panel 
Harness 
. = < , 
COMMAND 
TEST SELF TEST 
PATTERN BITE PROGRAM RESPONSE SUCCESS CRITERIA 
x x x Manual/Digital No Errors 
x x x 
x X 
X 
X 
X 
X X 
X X 
X 
X 
:::::-:;:::~:-:. =-.~-':.:. .. :::::..""::"=:=:..' ~ . -~:. -:;''':' --:.=----._-_ . .::-.::::..:..-:;:: ""....;.:..:.-:::..:..;-.. -.:.--.::-~.::'"--:::: .. -< ----::.... - - .~~."-~--'''.;~.,.", -,.-""-",,,,,,--==-~~"~- """ --- '='--=~~..;..--::.: . ---.<~-:.:....:. ~. -.-. ----- -_. ._._-------:-.. . ... ..,.-
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TABLE 3.2-1 (Continued) 
~fAND ELECTRONICS TEST SELF-TEST UNIT TEST OBJECTIVE PATTERN !m PROGRAM RESPONSE 
Interface Adapter X X X Manuallpigita1 
Keyboard Adapter X X X 
I CPU X X X I 
i 
I 
Data Flow X X X I I I Memory X X X ! 
Character Generator X X X 
Circles and Vectors X X X 
\0 
Status Register X X X 
BITE Control X X X 
Graphics Generator X X X 
Rotation X X X 
X-Y Deflection Intensity X X X 
Backpanel X X X 
Connectors X X X 
Power Supply X X X 
-_,c~~= ~c ·=.C"-'~~=="~~.~.~=="=",~~.' ==~,.,==~=,.,"=" __ "~~""~"' .. _. _____ _ 
SUCCESS CRITERIA 
No Errors 
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TABLE 3.2-1 (Continued) 
KEYBOARD TEST OBJECTIVE 
VIDEO 
Verify the operability of all 
keys 
Verify video capability 
COMMAND 
Manually depress all 
keys 
RESPONSE 
Key function 
displayed on 
CRT 
Composite Video signal Manual 
with alphanumeric graphic 
overlay 
--'-,~~~-=--~~~= 
SUCCESS CRITERIA 
All key functions 
correct 
Test pattern 
verified correct 
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3.2.3 Environment 
3.2.3.1 Transportation and Storage 
The ground test software shall perform as specified herein after exposure in a nonoperating condition to any combination of the environments and ranges ~pecified in JSC-07700, Volume XIV and MJ070-0001-1B. 
3.2.3.2 Handling 
The ground test software shall perform as specified herein after ex-posure to the environmental ranges specified in JSC-07700, Volume XIV when handled unpackaged. 
3.2.4 Operational Availability 
This preliminary Part I CEI shall be updated as required by the PS con-tractor. The PS contractor shall maintain this document in the final Part I CEI form through the change control system established. 
The Part I CEI document shall be submitted at the Preliminary Design Reviel; (PDP) for final approval by MSFC prior to the start of the Development Phase. Review Item Discrepancies, (RIDs) written against the CEL and approved, shall be incorporated into the Part I CEI. After acceptance by MSFC, this docu-ment will be Government property, and shall be formally controlled as such in accordance l.ith the requirements of the procuring activity. The software con-trolled by this 'CPCEI shall become fully operational ~fter development and acceptance in the Software Development Laboratory. 
3.2.5 Transportability/Transportation 
The ground test software shall be shipped in a container specifically designed to protect the software during highway and air transportation. Vi-bration, shock, pressure, temperature, humidity, contamination, and magnetic fields shall be controlled to levels specified below. All handling and trans-portation equipment shall be compatible with applicable structural and environ-mental limits. 
3.2.6 Storage 
The ground test software shall have a storage life of ten years. Con-trol shall be maintained on all parts and materials which are sensitive to age or the storage environments specified in paragraphs 3.2.3.1 and 3.2.3.2. These parts and materials shall be identified, and if deterioration is a factor during storage or after installation for use, the maintenance procedures shall indicate a replacement cycle or the necessary retesting. 
3.3 Design Requirements 
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3.3.1 General Design and Programming Standards 
The general standards should comply with a modular design controlled by the function definition of paragraph 3.2.1. Each function shall be cap-able of b~ing developed independently to a common set of standards which con-trol at least flow chart symbols, input and output Signals, documentation, coding techniques, and verification testing. 
3.3.2 Human Performance/Human Engineering Standards 
The display and test software functions shall be serviced at least TBD times per second to assure commands are serviced and displays are refreshed in a timely manner. 
3.4 Logistics 
This paragraph is not applicable to a GPGEI specification. 
3.5 Personnel and Training 
The personnel to maintain the software and train payloads in the use of it shall be the responsibility of the mission contractor. The payload sta-tion contractor shall furnish a computer program description document for use by the mission contractor. 
3.6 Interface Requirements 
3.6.1 Interprogram Interfaces Requirements 
Interfaces between the core AFD G&D programs., of which this specifica-tion is a part, and other programs (e.g., Orbiter, Spacelab, IUS) will be con-trolled by IGDs to be supplied by the Phase G/D contractor for mechanical, electrical and software interfaces. 
3.6.2 Intraprogram Interfaces Reguiremen~s 
The relationship between this GEI and the other GEls within the AFD core G&D program is showll in Figure 3.6-1. Each GEl (project level) defines the specific interface requirements applicable to the individual project. The Ground Test software GEl 'will interface v7i th all other CEls shown to assure that all input output requirements are met. 
Figure 3.6-1 lntraprogram CEls 
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3.6.3 Intraproject Interface Requirements 
N/A 
4.0 VERIFICATION 
The verification program is designed to verify that the ground test software conforms to the design and performance requirements as specified in Section 3 herein. Each requirements presented in Section 3 shall be veri-fied by analysis or test as specified in this section. 
4.1 General 
The following subparagraphs specify the organization responsibility for accomplishing verification, verification methods and the relationship of verification to Management reviews. 
4.1.1 Responsibility for Verification 
The Ground Test Software controlled by this CPCEI will be verified by the Payload Station Contractor. The acceptance of the AFD C&D equipment with the GSE and this epCE! software will complete the verification task. 
4.1. 2 Verification Method Selection 
The verification methods shall include test during each verification phase as applicable and analysis. 
4.1. 3 Relationship to Management Reviews 
For development of Ground Test soft,;are there shall be 5 management reviews. 
Preliminary Design Review 
Critical Design Review 
Test Readiness Review 
Verification Review 
Acceptance Review 
These reviews relative to 'the Ground Test software development shall be as shown in Figure 4.1-1. 
4.2 phased Verification Requirements 
4.2.1 Development 
The GSE test software is straightforward and simple in 
of a series of commands and scimulus under manual control of a fication of this software shall be performed by analysis prior system testiug. 
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4.2.2 Qualification 
N/A 
4.2.3 Acceptance 
Verification of ground test software at acceptance shall be accomplished by successful completion, of CCD equipment checkout. Both anomalous and operat-ing checks shall be performed. 
4.2.4 Integrated Systems 
This phase consists of the testing performed after the mating of the ceo with the Orbiter or Spacelab subsystems, and will be the responsibility of the Mission Contractor. The PS Contractor shall support the Mission Con-tractor. 
4.2.5 Prelaunch Checkout 
This phase of testing will be the responsibility of the Mission Con-tractor, and' the PS Contractor shall support the Mission Contractor. 
4.2.6 Flight/Mission Operations 
This phase of testing will be the responsibility of the Mission Con-tractor. 
4.2.7 Post-Flight 
This phase of testing will be the responsibility of the Mission Con-tractor. 
4.3 Verification Cross-Reference Index 
The verification cross-reference index provides a cross reference of each verification requirement for each Section 3 requirement. The detailed verification requirement for all items shall be defined in software section of the Master Verification Plan. Only analysis and test methods shall be used in verification during the development and acceptance phases. Analysis shall consist of automatic and manual verification, which assures that the end item code meets the requirements of the detailed code to specification approved during the PDR and CDR review cycle (see Figure 4.1-1). The test method shall be called validation. Validation shall test the end item code against detailed requirements lCDs and CEls specifications. All functions controlled by this CPCEl shall be validated in a syst~s test configuration using the flight hardware and software. 
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4.4 Test Support Requirements 
Test support including test facilities and equipment, bench setups, test sof~~are and test interfaces shall be as defined. 
4.4.1 Facilities and Equipment 
a. Existing facilities/equipment with NASA or other Government agencies and contractors shall be utilized to the maximum extent practicable. 
b. Test activities including test facilities/equipment, personnel, and procedures shall be established and included in the Verification Plan. 
c. Maximum use of the same or common test equipment shall be used for testing at multiple locations to assure uniformity of test results. 
d. All test equipment shall be designed with a fail-safe goal such that test equipment failure will not degrade flight hardware. All test equip-ment shall be tested prior to interfacing with flight equipment to ensure that no damage or degradation to flight hardware will be induced. Appropriate tol-erances shall be identified in the procedures, taking into account test equip-ment capabilities and flight hardware specifications, such that the test re-sults will verify compliance with the flight hardware specifications. 
4.4.2 Articles 
Test articles, if required to support the test program, shall be as identified. 
4.4.3 Software 
Requirements governing software utilization in support of verification operations shall be as identified. 
4.4-.4 Interfaces 
NtA 
5.0 PREPARATION FOR DELIVERY 
N/A 
6.0 NOTES 
6.1 Abbreviations and Acronyms 
A£-o Aft Flight Deck 
AR Acceptance Review 
CCD Core control and displays 
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C&D, C/D 
CPCEI 
CRT 
EI 
GFE 
GSE 
ICD 
I/O, !OP 
IUS 
KB 
MFDS 
MMSE 
PDR 
RID 
SE&I 
STE 
TRR 
TS 
VR 
~~~~-;C~ __ O_~_' ___ .I 
Controls and Displays; Procnrement Phases C and D Computer Program Contract End Item 
Cathode Ray Tube 
Executive Interpreter 
Government Furnished Equipment 
Ground Support Equipment 
Interface Control Document 
Input/Output Processor 
Interim Upper Stage 
Keyboard 
Multifunction Display System 
Multi-use Mission Support Equipment 
Preliminary Design Review 
Review Item Discrepancies 
Systems Engineering and Integration Special Test Equipment 
Test Readiness Review 
Test Sequence 
Verification Review 
17 
Ii 
I' 
Ii 
;; 
I'i , ' I 
:j 
, 
ii q 
, 
i 
, 
, : 
, 
" 
r 
i 
, 
I, 
! 
ric. MY 
Ground Support Equipment 
Specification 
i 
! 
• 
I 
I , 
; ,'I' : 
,,1\ \\' d " 
PRIME EQUIPMEW£ DETAIL SPECIFICATION 
PART I 
PERFORMANCE, DESIGN AND VERIFICATION REQUIREMENTS 
GROUND SUPPORT EQUIPMENT 
CEI NO. ___ _ 
FOR 
PAYLOAD DEDICATED 
CONTROLS AND DISPLAYS 
APPROVED BY _________ _ 
APPROVED BY _______ --::=-,..,-,.,.--
NASA CODE IDENTIFICATION ______ _ 
DATE _______________ _ 
DATE ____________________ ___ 
! 
" 
! 
Ii 
, . 
, 
i 
Ii 
. , 
" 
f: \1 
! 
1 
1 
1 
I 
i 
1.0 
2.0 
I 
'1 3.0 
I 
TABLE OF CONTENTS 
SCOPE 
APPLICABLE DOCUMENTS 
2.1 Specifications 
2.2 Standards. • • 
2.3 Drawings 
2.4 Shuttle Program Publications 
2.5 Other Publications 
REQUIREMENTS 
3.1 CEI Definition 
! 3.1.1 General Description 
3.1.2 Missions .•.•.. 
3.1.3 Operational Concepts 
3.1.4 Organizational and Management Relationship 3.1.5 Systems Engineering Requirements ••• 3.1.5.1 Systems Engineering and Integration 3.1.5.2 Work Breakdown Structure (WBS) • 3.1.6 Government Furnished Property List. '. ! : 3.1.7 Critical Components ..••.•.•. 3.1.7.1 Engineering Critical Components List 3.1.7.2 Logistics Critical Components List 
3.2 Characteristics 
3.2.1 Performance 
3.2.1.1 General Performance 
3.2.1.2 Central Processor 
3.2.1. 3 Input/Output Hardware 
3.2.1.4 Mass Storage •••• 
3.2.1.5 Display and Keyboard Unit 
3.2.1.6 Line Printer •• 
3.2.1.7 Tape Drive Unit. 
3.2.2 Physical ••••• 
3.2.3 Reliabili.ty. • • • 
.' 
• 
.. 
. 
• • 
3.2.3.1 Critical Single Failure Points 3.2.3.2 Failure Deterrent and Detection. 3.2.3.3 Reliability Goals •••••••• 3.2.4 Maintainability •••••••••• 3.2.4.1 Installation/Rernovgl/Replacernent 3.2.4.2 Scheduled Servicing •• 
Operations. 
3.2.5 Operational Availability 
3.2.6 Safety .•..••.• 
1 
2 
2 
2 
4 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
8 
9 
10 
10 
11 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
i 
" 
I 
.; 
I 
.1 
I 
1 
j t i 
I 
I 
.1 1. 
1 
'f j , , I : : 
: i 
TABLE OF CONTENTS (Continued) 
3.2.6.1 Crash Safety 3.2.7 Environment 
3.2.7.1 Natural 
3.2.7.2· Induced •• 3.2.8 Transportability/Transportation 3.2.9 Storage .•••• 3.2.10 Operability 
3.2.10.1 Operating Life 3.2.10.2 Useful Life 3.2.10.3 Shelf Life 
3.3 Design and Construction Standards 
3.3.1 Selection of Specifications and Standards. 3.3.2 General ....................... .. 3.3.2.1 Materials, Parts and Processes 3.3.2.2 Flammability Requirements 3.3.2.3 Outgassing of Materials 3.3.2.4 Lubrication 3.3.2.5 Soldering 
3.3.3 Aeronautical 
3.3.4 Civil 
3.3.5 Electrical. 
3.3.5.1 Electrical Wiring 3.3.5.2 Electrical Connector Keying 3.3.5.3 Electrical Connector Pin Assignment and Pin or Socket Selection •••••••• 3.3.5.4 Protection of Electrical and Electronic Devices .. .. .. .. .. .. .. .. .. .. .. .. .. .. 3.3.5.5 Electrical and Electronic Piece-Parts, Closure Construction • • • 3.3.5.6 Electrical Grounding 3.3.5.7 Electromagnetic Interference 3.3.6 Mechanical •••••• 3.3.6.1 Design Safety Factors 3.3.6.2 Fasteners •••••• 3.3.7 Nuclear •••••• 3.3.8 Moisture, Humidity, and Fungus Resistance 3.3.9 Corrosion of Metal Parts 3.3.9.1 Dissimilar Metals 3.3.9.2 Finish ••••• 3.3.10 Contamination Control 3.3.11 Coordinate System •• 3.3.12 Interchangeability and Replaceability 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
18 
18 
18 
19 
19 
19 
1.9 
19 
19 
19 
19 
~. 
Ii 
\; 
I 
Ii 
!' 
i; 
:1 
I 
~ i 
I. 
, i 
, 
\ 
, 
\ 
! 
1 j 
1 , 
~ 
\ 
1 
II 
" r 
i 
, '1;-------·· 
. "1\ \ 
r ; 't pm 
TABLE OF CONTENTS (Continued) 
3.3.13 Identification and Marking 
3.3.13.1 Identification of Parts 
3.3.13.2 Supplier Part Number 
3.3.13.3 Identification of All Development/ 
Qualification Test Specimens. 
3.3.13.4 
3.3.13.5 
3.3.13.6 
Nameplates. • • • • • • • • • • • • 
Identification of Wiring •• . • • 
Electrical and Electronic Reference 
Designations • • • • • • • • • 
3.3.13.7 Electrical and Electronic Symbols 
3.3.13.8 Reidentification •••••••• 
3.3.14 Workmanship ••••••••• 
3.3.15 Human Performance/Human Engineering 
3.4 Logistics 
3.4.1 Maintenance 
3.4.1.1 Installation 
3.4.1.2 Accessibility 
3.4.1.3 Replacement 
3.4.2 Supply 
3.4.3 Facilities and Facility Equipment 
3.5 Personnel and Training 
3.6 Interface Requirements 
3.6.1 Interprogram Interfaces .. 
3.6.2 Intraprogram Interfaces 
3.6.3 Intraproject Interfaces 
3.6.3.1 CRT and Keyboard/Central Processor 
3.6.3.2 Mass Storage/Central Processor 
3.6.3.3 Line Printer/Central Processor 
4.0 VERIFICATION 
4.1 General 
4.1.1 Responsibility for Verification 
4.1.2 Verification Method Selection 
4.1.2.1 Design Margin Verification Selection 
4.1.3 Flight Hardware Failures 
4.1.4 Test/Equipment Failures 
4.2 phased Verification Requirements 
4.~.1 Development 
4.2.2 Qualification 
~~~~----
iv 
... 
• • 
I 
Page 
19 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
23 
23 
23 
23 
24 
. ; 24 
24 
24 
24 
25 
25 
25 
25 
25 
26 
26 
26 
26 
26 
5.0 
6.0 
Figure 
3.6.3-1 
4-1 
\ 
-:-T1~,-' --~---
• \ 0) 'II: 
lIlIII:e t r 
TABLE OF CONTENTS (Continued) 
4.2.2.1 Qualification Testing 
4.2.3 Acceptanc~ •••••• 
4.2.3.1 Component Acceptance Testing 4.Z.3.2 Subsystem/Systems Acceptance Tests 4.2.3.3 GSE Acceptance Testing 
4.2.4 Integrated Systems .••• 
4.2.5 Prelaunch Checkout •••• 
4.2.6 Launch ••••••• 
4.2.7 Flight/Mission Operations 
4.2.8 Post-Flight ••••••• 
4.3 Verification Cross-Reference Index 
4.3.1 Assessment Methods .••• 
4.3.2 GSE Verification Requirements Matrix 
4.4 Test Support Requirements . . 
4.4.1 
4.4.2 
4.4.3 
4.4.4 
Facilities and Equipment 
Articles 
Software 
Interfaces 
PREPARATION FOR DELIVERY 
5.1 Physical Protection 
5.2 Weight and Size 
5.3 Parts Protection 
5.4 Marking 
NOTES . . 
6.1 Definition and Design Te·ems 
6.2 List of Acronyms ••• 
Intraprogram eEls . • • • .. .. .. .. • .. .. .. .. .. .. .. .. .. 
Verification Cross-Reference . .. .. .. .. .. .. .. .. .. .. .. 
v 
a 
27 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
29 
29 
29 
30 
30 
30 
33 
33 
33 
33 
33 
34 
34 
35 
24 
31-32 
I 
I 
I 
I 
! 
I 
11 ' 
., " Ii l 
r, j 
IiI 
_____ 1: :j 
1 _______  
; 1\.-,' 
• 
1.0 SCOPE 
Trris part of this preliminary specification establishes the require-ments of performance, design and verification of equipment identified as tbe GROUND SUPPORT EQUIPMENT (GSE), Contract End Item (CEI) Number (TBD). 
The ground support equipment (GSE) along with associated sofb,are and operator shall provide the capability to checkout and verify the PS station core controls and displays (OCD) equipment. The GSE shall be able to perform the checkout and verification with or without Spacelab equipment (experiment RAn). It shall provide the necessary stimuli (discrete and analog) to the CCD and it shall monitor the resulting responses. The GSE shall analyze test data (wherever possible) and provide a go/no-go indication. It shall infozm the operator as to the test sequence to be followed. 
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2.0 APPLICABLE DOCUMENTS 
The following documents, of the exact issue shown, form a part of this specification to the extent specified herein. In event of conflict between documents referenced here and other detail content of this specification, the detail requirements herein shall be considered superseding. Contractor speci-fications satisfying the intent of the below-listed documents may be used in lieu of the specifically Its ted documents after review and approval by MSFC. Reference to these documents contained herein shall be by basic number only. 
2.1 Specifications 
Rockwell International/Space Division Specifications CEI Para. 
MC615-0010 Adapter, Interface, Serial Multiplexer 3.2.1.3.1 
3.2.1.3.4 
NASA SpecLfica tions 
ss-P-oq02-170 
SS-P-0002-160 
Computer Program Development Specification Volume I Book 7 
System Level Requirements 
Computer Program Development Specification Volume I Book 6 
System Level Requir':.ments I'.llyloads 
Spacelab Specifications 
IF-Ma-OOOI 
2.2, Standards 
MSFC Standards 
MSFC-STD-5l2 
12 August 1974 
MSFC-STD-486 
Amendment 1 
July 1910 
Spacelab Data Bus System Specifica-tion 
Standard Man/Systems Design Cri-teria for Manned Orbiting Payloads 
Threaded Fasteners, Torque Limits For 
Military Standards and Specifications 
MIL-STD-143B 
12 November 1969 
Standards and Specifications, Order of Precedence for the Selection of 
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Military Standards and Specifications 
MIL-C-17E 
12 July 1974 
MIL-STD-1472B 
31 December 1974 
MIL-STD-130D 
1 August 1973 
MIL-STD-810(C) 
10 March 1975 
MIL-STD-470 
21 March 1966 
MIL-STD-889A 
5 Mar 1972 
MIL-B-5087B(2) 
31 August 1970 
MIL-S-7742B 
15 March 1973 
MIL-S-8879A(1) 
Notice 1 
15 March 1973 
MIL-STD-46lA 
Amendment 
4 June 1973 
MIL-STD-462 (2) 
1 May 1970 
MIL-STD-12C (2) 
1 February 1971 
MIL-STD-129 
30 March 1973 
Cables, EF, Coaxial, Dual Coaxial, 
Twin Conductors and Twin Lead 
Human Engineering Design Criteria 
for Military Systems, Equipment 
and Facilities 
Identification Marking of U.S. 
Military Property 
Environmental Test Methods 
Maintainability Program R~quire­
ments 
Dissimilar Metals 
Bonding, Electrical and Light-
ning Protection, for Aerospace 
Systems 
Screw Threads, Standard, Optimum 
Selected Serial, General Specifi-
cation for 
Screw Threads, Controlled Radius 
Post With Increased Minor Diame-
ter, General Specification for 
Notice 1, 2, 3 Electromagnetic 
Interference Characteristics, 
Req. for 
Notice 1, 2 - Electromagnetic 
Interference Characteristics, 
l'leasu;rement of 
Abbreviations fnr Use on Draw-
ings, Specifications, Standards 
and Technical Documents 
Marking fo" Shipment and Storage 
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2.3 Drawings 
MSFC Drawings 
MSFC-DWG-40M39582 Harnesses, Electrical Design 
2.4 Shuttle Program Publications 
National Aeronautics and Space Administration 
JSC-07700, Vol. 
Revision P 
Change No. 17 
27 July 1976 
JSC-07700, Vol. 
Change No. 16 
27 July 1976 
XIV Space Shuttle System, Payload Accommodations; Program Definition and Requirements 
III Program Plaaning and Analysis 
JSC-07700, Vol. 1.0 
014-PIV-Ol 
Payload Interface Verific?,tj:on; Vol. I General Approach aJld Re-quirements Change No. 1 1 June J.!176 
European Space Agency· 
EQ-HA-0010, Isslie 1 Data Displ~.y Sy stem 15 May 1976 
EQ-MA-084, Issue 1 Data Bus Interconnectin~ Station 20 May 1976 
EQ-MA-0002 
Preliminaty 
14 Nay 1976 
Qontractor (RI) 
ID070-000l-lB 
15 Januaty 1976 
2.5 Other Publications 
NaB 5300.4(lD-l) 
August 1974 
Input Output Unit 
Orbiter Vehicle End.tem Specifi-cation for the Space Shuule System Part I; Perf"rmance and Design Requirement", 
Safety, Reliability, Maintain-
ability and Quality Provisions for the Space Shuttle Program 
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Other Publications 
NHB 8060.1A 
November 1971 
SE-004-002-2H 
- ___ 0- _ ._~~..,~. ____ _ 
Flammability, Odor, and Offgassing 
Req. and Test Procedures for 
Materials in Environment that 
Support Combustion 
Guidelines for Identifying 
Flammability Hazards in Air 
NHB 1700.1(VI) NASA Safety Manual 
July 1969 
DOD Handbook H4-1 Federal Supply Code of Manufac-
Latest Revision turers Name to Code 
MA-06, Vol. III Work Breakdown Structure 
Part I 
EIA STD RS-170 Electrical Performance Staudard 
Monochrome TeleviSion Studio 
Facilities, Electronic Industries 
Association 
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3.0 REQUIREMENTS 
3.1 CEI Definition 
3.1.1 General Description 
The Ground Support Equipment (GSE) shall be comprised of the following pieces of equipment: central processor; input/output; mass storage; CRT display and keybcard; and line printer. Except for part of the 1/0 hard-ware, all the equipment shall be standard commercial equipmept. 
3.1. 2 Missions 
The Shuttle Program scheduling, operations planni"'g, flight hardware, ground system requirements, and costs ~hall be based on the Shuttle Program mission model described in JSC-07700, Volume III. The first use of the GSR will be for the first operational flight utilizing the AFD core C&D capability, the Spacelab (SL) 2 mission. 
3.1.3 Operational Concepts 
The Ground Support Equipmen~ (GSE) shall be used to checkout and verify the AFD core controls and displays. The GSE ~7ill be used to perform acceptance testing of the MFDS. Prior to installation of the AFD C&D equipment into the Aft Flight Deck, GSE is require~ to verify the core C&D equipment during system integration both at KSC and MSFC. 
3.1.4 Organizational and Managp.ment Relationship 
MSFC has been designated as the development management center for the Aft Flight Deck Payload dedicated controls and displays program. The core C&D equipment will be located in the orbiter t.FD and therefore JSC will be required to ensure rcn compatibilil~. 
3.1.5 Systems ~ngineering Requirements 
3.1.5.1 Systems Engineering and Integration 
Systems engineering and integration will include performance of the analyses and studies necessary to define requirements for r.he Aft Flight Deck Payload Core C&D, interfaces, ground support equipm~nt (GSE) ancl support test equipment (STE), and product assurance. Systems design and inte.\~ration, operations requirements analyses, GSE and STE requiremeuts, and SYStE!lllS test requirements are all a part of the Aft Flight Deck CAFD) Core C&D enghneering and integration (SE&I) task. Also included are interface analyses and defini-tion, PSS Specification development and weight management. The objective of the SE&I analysiS is to assure an integrated AFD core C&D qesign that provides a core capability for operating and controlling the many anticipated payloads for the Shuttle Orbiter, at the lowest life cycle cost to the Shuttle Program, compatible with the required level of capability and limitation formation to prospective payload developers. 
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3.1.5.2 Work Breakdol'ffi Structure (WBS) 
The loJBS for the AFD core C&D will be in accordance with 
MA-06 reference Volume III, Part 1. 
3.1.6 Government Furnished Property List 
Orbiter TV camera to checkout and verify the EU video 
channel. 
3.1.7 Critical Components 
3.1.7.1 Engineering Critical Components List 
Not pplicable. 
3.1.7.2 Logistics Critical Components List 
The failure mode and effects analysis (FMEA) 1<111 be peL-
formed and will be used to prepare the Critical Items List (CIL), I·,hich 
will be used to identify critical spares. Tnis CIL shall inel.:-:" the Single 
Failure Point Summary and Critical Redundant Items. The corrective nction 
required and/or rationale for retention shall be dctel~ined for each criti-
cal single failure point. 
3.2 Characteristics 
3,2.1 Performance 
3.2.1.1 ~ral Performance 
The Ground Support Equipment (GSE) along I,ith associated 
softl<arc and operator shall provide the capability to checkout and verify 
the Aft Flight Declt core controls and displays (C&D) equipment. The GSE 
shall be able to perform the checkout and verification l<Jith or without 
Space lab equipment (experiment Remote Acquisition Unit, RAU). It shall pro-
vide the necessary stimuli (discrete and analog) to the C&D and it shall 
monitor the resulting responses. The GSE shall analyze test data (wherever 
possible) and provide a go/no-go indication. It shall inform the operator 
as to the test sequence to be followed. The GSE shall provide the capabil-
ity to load and dump the applicable sections of memory within the electronics 
unit. The load and dump shall be performed via the data buses betloeen the 
electronics unit and the GSE. The primary operational load mode shall be 
via the CDMS system, hm<Jever providing this capability within the GSE I<ill 
be useful for system checkout and integration. 
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The GSE shall be able to detect failures within the Multi-Use Mission Support Equipment (~IMSE) at the comporLent level. The GSE along iVith the proper test pattern interpretation by aa operator and the Built-In-Test Equipment (BITE)'test results shall detect fail-ures within the Cathode Ray Tube (CRT)/Electronics Unit (EU)/Keyboard at the card level. 
The video capability of the black and I,hite CRT monitor of the MFDS shall be verified by providing a video signal from an appro-priate orbiter camera. The TV camera shall be supplied as government furnished property. The video signal shall be in compliance I,ith EIA-STD-RS-170. 
The Ground Test SoftiVare which will control the various pieces of GSE hardl,are is defined in the ground test software CEl. 
A complete set of GSE shall be comprised of the following pieces of equipment: central processor; Input/Output (I/O); mass storage; Display Unit (DU) and keyboard; and line printer. Except for part of the I/O hardl"are which will require a special design, all the equipment shall be standard commercial equipment. The most important characteristics of each piece of equipment is listed herein (Sections 3.2.1.2 through 3.2.1.6). Characteristics not mentioned 1<111 generally be satisfied by the presently available standard commercial equipment. 
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3.2.1.2 Central Processor 
The central processor shall execute the soft"are modules as defined in the Ground Test Soft"are CEl. The central processor shall control and transfer data bet"een the various items of GSE hardl,are and the core controls and displays. 
3.2.1.2.1 Architecture 
3.2.1.2.1.1 Word Length 
The "ord length shall be 16 bits minimum. 
3.2.1.2.1.2 Direct Memory Access (DMA) 
There shall be a minimum of six DMA channels. 
3.2.1.2.1.3 General Purpose Registers 
There shall be a minimum of four general purpose registers. 
3.2.1.2.1.4 Instruction Set 
The central processor shall have a flexible group of input/output and bit manipulation instructions. 
3.2.1.2.1.5 Vectored Priority Interrupt Levels 
The central processor shall contain several levels of vectored priority interrupts. 
3.2.1.2.2 Memory 
3.2.1.2.2.1 Memory Size 
Central processor shall contain a minimum of 16K core read/write memory. The first GSE set delivered shall contain a minimum of 48K core read/t.rite memory. This additional memory ~1l be required to allow development of ground test softl,are. 
3.2.1.2.2.2 Nell'ory Parity 
The core memory of the central processor shall contain memory parity circuitry. 
3.2.1.2.3 POI,er Fail Safe/Auto Start 
The highest priority level interrupt shall occur anytime AC pOl'ler is turned on or of f • 
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3.2.1.2.4 Real Time Clock 
The real time clock shall cause an interrupt every SOO ms minimum. 
3.2.l.2.S Operator Control Panel 
3.2.l.2.S.l Control Panel Interrupt 
The central processor shall be interrupted upon command from the control panel. 
3.2.1.2.6 Hardware Floating Point Arithmetic 
The central processor shall contain a hardware floating point arithmetic unit. 
3.2.1.3 Input/Output Hardware 
The input/output hardl{are shall provide the required (hardware) interface between the GSE and core control and display equipment. It shall provide the necessary discrete and analog in~lts and outputs, along l,ith various high speed serial digital I/O channels. . 
3.2.1.3.1 Digital Serial 
The I/O hardware shall provide the necessary interface with the primary and redundant experiment and subsystem data buses. It shall also provide the necessary interface with the orbiter data bus. The inter-face shall consist of 'providing the correct parity checks, data formatting and timing signals as required to send and receive data over these buses. The GSE data and electrical input/output interface characteristics shall be compatible wit~ the voltage, data rate, impedance, waveforms and performance reqUirements in IF~1A-OOOI. SS-P-0002-170, SS-P-0002-l60, MC61S-00l0, EQ-MA-OOIO. EQ-MA-084 and EQ-MA-D002. 
. 
3.2.1.3.2 Subsystem Data Buses 
The GSE via the subsystem data buses shall interface !.rith the el~ctronics unites) associated with the black and white CRT and tri-color CRT located at panels L-IO and L-ll. The GSE shall interface to the electronic units stated above via both the primary and redundant subsystem data buses. The GSE shall be able to send commands to each electronic unit and receive responses from each electronic unit in the identical manner as the Spacelab subsystem computer. 
3.2.1.3.3 Experiment Data Buses 
The GSE via the axperiment data buses shall interface !.rith the electronics unites) associated with the black and white CRT and tri-color CRT located at panels L-IO and L-II. The GSE shall interface to the electronic units stated above via both the printary and redundant 
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experiment data buses. The GSE shall be able to send commands to each 
electronic unit and receive responses from each electronic unit in the 
identical manner as the Spacelab experiment computer. The GSE electri-
cal characteristics shall be compatible with the voltage, data rate, 
impedance, wave forms and performance requirements in IF-MA-OOOI. 3.2.1.3.4 Orbiter Data Bus 
The GSE via the simulated orbiter data bus shall inter-
face with the electronics unites) associated with the black and white CRT 
and tri-color CRT located at panels L-IO and L-U. The GSE shall be able 
to s~nd commavds to each electronic unit and receive responses from each 
electronic unir in the identical manner as the orbiter computer. The GSE 
electrical al'.d 'iata characteristics shall he compatible with the voltage, 
data rate, impedance, wave forms and performance requirements in SS-P-OOOZ-
170, SS-P-0002-160 and MC615-0010. 
3.2.1.3.5 Multi-Use Mission Support Equipment (~IMSE) 
The GSE shall checkout and verify all items of MHSE. 
This includes all MMSE interfacing with a RAU or that which is handwired. 
The GSE via the experiment data buses shall interface indirectly with the 
}IMSE lo •. ated at panels L-12 and L-U through the experiment RAlJ located 
in the AFD. The GSE shall interrace to the RAlJ via both the primary and 
redundant experiment d?ta buses. The GSE shall be able to send commands 
to the RAU and receive responses from the RAU in the identical manner as 
the Spacelab experiment computer. Also, the GSE shall be capable of inter-
facing directly to the MHSE loccted at panels L-12 and L-il without the 
Spacelab RAU. The GSE shall provide all the discrete, analog and serial 
digital outputs in the identical ~nner as a Spacelab experimentRAU. The 
GSE shall also accept the identical discrete and analog inputs as required 
oy the Spacelab experiment RAll. 
3.2.1.4 Haas Storage 
The mass storage unit shall store the operating procedures 
and various software modules. Its information shall be loaded into the 
central processor upon request from the central processor. The first GSE 
set delivered shall contain additional mass storage to facilitate develop-
ment of ground test software. 
3.2.1.4.1 Mass Storage Type 
The type of mass storage shall be either a fixed head 
or moving head disc. 
3.2.1.4.2 Storage Capacity 
The total mass storage shall be a minimum of 1.0 million 
16 bit words. In additional mass storage to facilitate development of 
ground test softt~are will be required. 
3.2.1.5 ~isplay and Keyboard Unit 
The CRT display and ke)'board shall provide the operator the 
means to observe the test requirements and test results, and shall allo~, 
him to interact (via the keyuoard) tYith the test program. 
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3.2.1.5.1 Screen Size 
The screen size shall be 12 inches diagonal (minimum). 
3.2.1.5.2 Display Format 
The display format shall be 20 lines minimum, 80 characters. 
3.2.1.5.3 Character Repertoire 
There shall be 64 alpha-numerics and symbols ASCII coded. 
3.2.1.5.4 Editing Features 
The editing features shall include character and line insert/ delete, character over write horizontal. 
3.2.1.5.5 Input Power 
The input power supply source shall be 115 volts 60 HZ. 
3.2.1.6 Line Pr~nter 
The line printer shall provide a hard copy of the test se-quence and test results. 
3.2.1.6.1 Printing Rate 
The printing rate shall be a minimum of 60 lines per minute. 
3.2.1.6.2 Character Set 
The character set shall consist of 10 numeric digits (0 through 9). 26 upper case letters (A through Z) and 26 special characters. All characters shall be ASCII compatible. 
3.2.1.6.3 Columns 
There shall be the standard 132 maximum columns per line. 
3.2.1.6.4 Controls 
The fol10trl.ng controls are a minimum requirement. 
3.2.1.6.4.1 Stop/Start Switch 
The start/stop switch shall be lighted when "on". 
3.2.1.6.4.2 Top of Form Swit~h 
of form. 
The top of form switch shall allow manual slewing to top 
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3.2.1.6.4.3 Forms Override Switch 
The override switch shall allow the operator to complete the form being printed before changing paper. 
3.2.1.6.5 Input Power 
The input power shall be 115 VAC, 60 HZ. 
3.2.1.7 Tape Drive Unit 
Tape drive for intercomputer program transfer (develop-ment unit only). One tape drive shall be required to enable development of core C&D software on an IBM 360/370 for transfer to the electronics units' memory in the MFDS. 
3.2.2 Physical 
Physical characteristics pertaining to the GSE shall be ob-tained from applicable sections of paragraph 3.2.1. 
3.2.3 Reliability 
Reliability provisions shall be in accordance with NRB5300.4 (ID-l). 
3.2.3.1 Critical Single Failure Points 
Ae a design goal, the GSE shall have no single failure that will jeopardize achi'eving the test obj ectives. In systems t.here this is not practical, sufficient safety margins should be used to minimize the probability of occurrence. 
3.2.3.2 Failure Deterrent and Detection 
The design shall incorporate the following: 
a. The GSE shall be designed such that transient out-of-tolerance conditions or component failures t.ill not 
cause other damage to, or failure of, other components. 
b. Threaded ~arts and fasteners shall be positively locked to prevent loosening during service. 
c. Bypass circuits used in checkout or calibration proce-dures shall not override electrical system protective devi"es. 
d. Solid state st.itches and amplifiers shall :;'e given preference over electromechanical relays and other vib~ation-sensitive electrical/electronic parts. 
e. Unidirectional components or piece parts shall be de-
signed to preclude backward installation by using non-
symmetry of configuration, different connecting sizes, 
or comparable means. 
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3.2.3.3 Reliability Goals 
The reliability goal of the GSE operation shall be TBD. 
The probability that no GSE failures will prevent success-ful experiment command or display objectives shall be TBD for on-orbit opera-tion. 
3.2.4 Maintainability 
The GSE elements subject to maintenance shall be designed, selected and installed to facilitate the performance of such tasks in a rea-sonable period of time with minimum hazard to equipment and personnel. Maintainability criteria in accordance with ~ITL-STD-470 shall be used. The design shall provide for maximum use of standard tools and test equipment. 
3.2.4.1 Installation/Removal/Replacement Operations 
The installation or removal of the payload dedicated controls and displays panels or consoles shall be accomplished at the launch site upon the return of the Space Shuttle Orbiter. The servicing of the payload dedicated controls and displays panels or consoles shall ~e consistent within the payload turnaround time constraints as specified by JSC 07700, Volume XIV and JSC 07700, Volume I-014-PIV-01. 
The design shall provide for ease of removal, replacement, alignment, integration, and test. 
3.2.4.2 Scheduled Servicing 
The GSE design shall be such that scheduled maintenance fre-quencies for critical-limited items are not less than TBD years. 
3.2.5 Operational Availability 
This preliminary Part I CEI shall be updated as required by the PS Contractor. The PS Contractor shall maintain this document in the final Part I CEI form through the change control system established. 
The Part I CEI document shall be submitted at the Preliminary . Design Review (PDR) for final approval by MSFC prior to the start of the Development Phase. Review Item Disposition (RIDs) written against the CEI and approved shall be incorporated into the Part I CEl. After acceptance by MSFC, this document will be Government property, and shall be formally con-trolled as such in accordance with the requirements of the procuring activity. 
3.2.6 Safety 
Requirements for the GSE necessary to preclude hazards to per-sonnel and equipment shall be as specified in the Safety paragraph of JSC 07700, Volume XIV, or contained herein. Hazard definition, classification categories, and hazard reduction precedence shall be as specified in NaB 5300.4 (lD-1), Safety, Reliability, l1aintainability and Quality Provisions for the Space Shuttle Program, and NHB1700.l, NASA Safety ~funual. 
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3.2.6.1 Crash Safety 
Not applicable. 
3.2.7 Environment 
3.2.7.1 Natural 
3.2.7.1.1 ~'2.:~rtatiort and Storage 
The GSE shall perform as specified herein after exposure in a nonoperating condiFion to any combination of the environments and ranges specified in JSC-07700, Volume XIV and MJ070-000l-1B. 
3.2.7.1.2 Handling 
The GSE shall perform as specified herein after exposure to the enVironmental ranges specified in JSC-07700, Volume XIV when handled unpackaged. 
3.2.7.2 Induced 
3.2.7.2.1 Flight Operational 
Not applicable. 
3.2.7.2.2 Nonoperationa1 
Not applicable. 
3.2.8 Transportability/Transportation 
The GSE shall be shipped in a container specifically designed to protect the hardware during highway and air transportation. Vibration, shock, pressure, temperature, humidit;r and contamination shall be controlled to levels specified below. Provisions shall be made in the GSE structure for suitable tie-down, lift and attachment points. All handling and transporta-tion equipment shall be compatible with applicable structural and environment-al limits. The GSE shall be designed to be transported in either the horizontal or vertical position. 
3.2.9 Storage 
The GSEshall have a storage life of ten years. Control shall be maintained on all parts and materials which are sensitive to age or the storage environments specified in paragraphs 3.2.7.1.1 and 3.2.7.1.2. These parts and materials shall be identified. and if deterioration 1s a factor dur-ing storage or after installation for use, the maintenance procedures shall indicate a replacement cycle or the necessary retesting. 
14 
;',,-'.- -..... ~ h .. -$17 '>-
I 
i , 
I' 
) " 
I,' 
-j 
I 
~' ' 
i; 
: r. 
• A 
3.2.10 QEerability 
3.2.10.1 Operating Life 
TBD 
3.2.10.2 Useful Life 
The GSE shall have a minimum useful life to support up to 100 orbital missions in a 10-year period from date of delivery. 
3.2.10.3 Shelf Life 
The GSE shall be capable of operating in accordance with Lhe requirements specified herein for a time period of 10 years from dat2 of delivery. 
3.3 Design and Construction Standards 
3.3.1 Selection of Specifications and Standards 
Specifications and standards necessary for the design and development of hardware, in addition to those specified in this document shall be selected in the following order of preference except as otherlqise specified: 
a. NASA specifications and standards. 
b. Federal spc~ifications and standards. 
c. Military specifications and standards~fIL, JAN, or MS). 
d. Other governmental specifications and standards. 
e. Specification and standards released by nationally re-
cognized associations, committees, and technical societies. 
f. Supplier specifications and standards. 
Specifications and standards shall be selected using'MIL-STD-143 as a guide. 
3.3.2 General 
3.3.2.1 Materials, Parts and Processes 
Not applicable. 
3.3.2.2 Flammability Requirements 
}futerials used in the design of the GSE or, contained in equip-ment installed therein, shall he compatible with the flammability requirements specified in NHB S060.1A. SE-004-002-2H shall be used as a guideline to identify flammability hazards in air. 
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3.3.2.3 Outgassing of Materials 
3.3.2.3.1 Internal Materials 
Not applicable. 
3.3.2.3.2 External Materials 
Not applicable. 
3.3.2.4 Lubrication 
Not applicable. 
3.3.2.5 Soldering 
Not applicable. 
3.3.2.6 Restriction of Use of Mercury 
Mercury in liquid or vapor form shall not be used in the GSE. Where no satisfactory substitute exists or an alternate design or method cannot be used, the justification for the USe of mercur.y, the protec-tion provided to prevent its release, and a plan for decontamination in the event of its release shall be submitted to NASA/MSFC for approval. 
3.3.3 Aeronautical 
Not applicable. 
3.3.4 Civil 
---
Not applicable. 
3.3.5 Electrical 
3. 3. 5 • 1 Elec trical vTiring 
a. The ,giring installation shall consist of cable harnesses ;1here required. All w:i.re bundles. harnesses aod cables 
external to the component or vehicle shall conform to MSFC-DWG-40M39582. Wire used in cable harnesses shall 
shall conform to Specification MIL-C-17. 
b. When etching of wire insulation is requir.ed in the GSE to provide satisfactory bonding to potting materials, the 
open end of the w:i.re shall not be By-posed to the etchant. The preferred process is to form the wire into a "U" 
shape, immerse only the bent portion in the etchant. and hold the open ends above the etchant level. The unetched 
end of the wire shall not be cut off prior to neutraliza-tion of the etchant. Electrical wire or cable insulated 
or coated with polyetrafluoroethylene or fluorinated 
ethylene propylene shall be etched prior to potting to 
assure mechanical bond strength and environmental seal. Potting shall be accomplished within three weeks after 
etching. 
16 
I 
I 
" 
, 
:: 
" 
" , 
~ "\ 
'I 
:j 
.j 
, 
oj 
:1 
! 
, 
! 
.,i 
3.~.S.2 Electrical Connector Keying 
All eleetrical plugs and receptacles used in the AFD core C&D panels shall be keyed or otherwise configured to prevent incorrect con-nection with other accessible plugs or receptacles. 
3.3.S.3 Electrical Connector Pin Assignment and Pin or Socket Selection 
a. Electrical circuits for the AFD core C&D panels shall not be routed through adjacent pins of an electrical connector if a short circuit between them would constitute a single point failure as defined in paragraph 3.2.3. 
b. Cable connections of the AFD core C&D panels shall be de-signed so that pin and socket connectors are properly used to prevent power from shorting to ground. They also shall be designed to protect personnel both when connected and disconnected through the use of dead facing, explosion-proof connectors, or similar means. 
3.3.5.4 Protection of Electrical and Electronic Devices 
Electrical and electronic devices used in the GSE shall in-corporate protection against reverse polarity or other improper electrical inputs during qualification, acceptance, and other tests if such inputs could d~qge the devices in a way that would not be immediately and unmistakably ai " I ,"ent. 
3.3.S.5 Elec-;rical and Electronic Piece-Parts, Closure Construction 
Not applicable. 
3.3.5.6 Electrical Grounding 
a. Primary DC Power Grounding - The GSE negative buses shall be referenced to structure at one point. The conductor from the main power return point to the single-point ground shall be designed to carry the maximum fault current. The single point ground shall be capable of being connected to the Shuttle. 
b. Component Grounding - The primary DC power shall be isolated from all component structure. The component case ground shall be per MIL-B-S087B. 
3.3.S.7 Electromagnetic Interference 
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3.3.5.7.1 Electromagnetic Compatibility (EMC) 
The GSE shall be designed for electromagnetic self-compatibility and for electromagnetic compatibility (EMC) and for EMC with the Space Shuttle for phases that the GSE is active and in proximity with the Shuttle. The electrical and electronjc equipment shall not be a source of, nor be susceptible to, electromdgneti~ interference as defined by MIL-STD-461A and 462. 
3.3.5.7.2 Corona Suppression 
Not applicable. 
3.3.5.7.3 Lightning Protection 
Electrical and electronic components shall be adequately protected from high currents induced by the lightning occurring at the launch site. The case ground shall be accomplished with the case connected to the structure through low-impedance conductive mounting surfaces. Where shock mounts or thermal isolation prevent this, then wide, flat, short bonding jumi'''i~ ;aay be used in accordance with the bonding specification MIL-B-s087. 
3.3.6 Mechanical 
3.3.6.1 Design Safety Factors 
The design safety factors shall have an ultimate safety factor of 3.0 and a yield safety factor of 2.0. 
3.3.6.2 Fasteners 
Threaded fasteners used for securing a single component, wherever pOSSible, shall be the same type, size and tensile strength. Use of blind fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC-STD-486. 
3.3.6.2.1 Accessibility of Fasteners 
Assembly and subassembly installations shall be designed such that access to threaded fasteners may be accomplished with the use of conventional tools. 
3.3.6.2.2 Screw Threads 
Screw threads for threaded fasteners used on Shuttle system hardware (except for GSE) shall be of unified thread form, Class 2, in accord-ance "'ith MIL-S-7742 or MIL-S-8879, as applicable: 
a. Material tensile ultimate strength levels up to, but 
not. including, 160 KSI may be threaded per MIL-S-7742 
or MIL-S-8879. Rolled threads are preferred. 
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b. Material strength levels of 160 KSI and above shall be threaded per MIL-S-8879. External threads shall be rolled after heat treatment. Screw threads used on airborne fluid systems fittings shall be of unified thread form, Class 2, in accordance with MIL-S-7742 or MIL-S-8879. 
3.3.7 Nuclear 
Not applicable. 
3.3.8 Moisture, Humidity, and FWlguS Resistance 
Except riS otherwise required by detail d8sign considerations, only materials which n,sist the corrosive action of salt air and damage from moisture/humidity and fungus shall be used which conforms to MIL-STD-810. 
3.3.9 Corrosion of Metal Parts 
Metal parts shall be protected from corrosion by stress-reliev-ing, plating, anodizing, chemical coatings, organic finishes, or combination thereof, provided that such protecti.:m is compatible Tvith the operating and space environmental requirements. 
3.3.9.1 Dissimiler Metals 
Dissimilar metals, as defined in MIL-STD-BS9, shall not be used in combination unless they are suitably coated to prevent electrolytic corrosion. 
3.3.9.2 Finish 
Nut applicable. 
3.3.10 Contamination Control 
Not applicable. 
3.3.11 Coordinate System 
Not applicable. 
3.3.12 Interchangeability and Replaceability 
The GSE shall be designed for ease of manufacture, assembly, inspection and maintenance. Insofar as practicable, the GSE components shall be interchangeable and/or replaceable in accordance ,vith MIL-I-8500. 
3.3.13 Identifica tion and ~!arking 
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3.3.13.1 Identification of Parts 
Each part fabricatec' shall be identified with a part number. The same specification or part number shall be used to identify all like materials, processes, and parts. Seller shall assign a new part number to the part when authorized changes make the superseded part not inter-changeable with respect to interface, reliability, safety, logistics, trace-ability or performance. For traceable items, the part identification shall additionally include the manufacturer's identification code in accordance with DOD Handbook H 4-1, and be lot numbered or serial numbered when required 
3.3.13.2 Supplier Part Number 
The supplier part number, which is equivalent to the G~E procure'Ilent part number, shall be in accordance with MIL-STJJ-310. 
3.3.13.3 Identification of All Development/Qualification Test Specimens 
Test specimens shall be permanently and obviously identi-fied prior to testing with the words "ENG. TEST ONLY" in addition to the identification required by the drawing/specification to preclude their use on production items. The letters shall be idelible and provide a distinct-ive and vivid contrast with the color of the specimen. The lettering size and identification location shall be clearly visible to casual observation. Materials used for the identification shall be compatible with the test speci-men and its operating environment. When the size or configuration of the test specimen is such the identification cannot appear on tbe specimen, other suit-able means such as attached metal tags shall be used. 
3.3.13.4 Nameplates 
Nameplates shall be marked in accordance with MIL-STD-J30 and shall include item name; buyer's part number; Federal North Atlantic Treaty Organization Stock Number (FSN/NATO); manUfacturer; buyer; manufactur-er's serial number, part number. Abbreviations, in accordance with MIL-STO-12, may be used. 
3.3.13.5 Identification of Wiring 
Identification of wiring shall not degrade insulation or shielding. 
3.3.13.6 Electrical a-nd Electronic Reference Designations 
Electrical and electronic reference designations shall be affixed to the hardware in accordance with the USAS Y32.16-1968 (for external electrical connectors). 
20 
3.3.13.7 Electrical and Electronic Symbols 
If schematic information is affixed to the GSE, the electrical and electronic symbols shall be in accordance Iqith the re-quirements of USASY32.2-l967. 
3.3.13.8 Reidentification 
The part number of the GSE, its components, and parts shall be changed whenever redesign results in a change to dimensional form, fit tolerance, or functional characteristics from the previous configuration. 
3.3.14 Wc,kmanship 
Workmanship on the GSE shall be in accordance with the best pr"ctice for high quality equipment within the state of the art. 
3.3.15 Human Performance/Human Engineering 
The design shall consider the capabilities and limitations of the human operator wherever a man-machine interface exists, including torques, forces, and other functional design characteristics of controls, displays, and work stations. The principal design guide for the man-machine interface shall be MIL-STD-H72 and MSFC-STD-512. 
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3.4 Logistics 
3.4.1 Maintenance 
a. The'GSE shall not require scheduled maintenance. 
b. The GSE shall not be designed to preclude the use of 
special tools and equipment for site maintenance and 
repairs. Special tools, if required, and approved by the buyer, shall be designed to withstand the intended 
use throughout the life of the equipment. 
c. The GSE shall be designed to satisfy the requirements of 
a Line Replaceable Unit (LRU). 
d. The GSE shall be designed so that routine correcti\e 
maintenance can be accomplished by the replacement L'f Shop Replaceable Units (SRUs). The GSE design shall be such that isolation to a single malfunctioning SRU can be accom-plished during bench maintenance utilizing the T.RU inter-face connectors or the addition of a system test connector is permissible to provide this isolation capability. 
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3.4.1.1 Installatio~ 
a. The equipment design shall physically prevent the in-
correct installad.on of modules and Bubmodules. Clearly 
vis1.ble color coding and labeling in close proximity to 
maintenance disconnect points shall be used to facilitate 
removel and replacement of any subassembly level of equip-
ment. 
b. Compon'"nts shall be mounted in a manner to avoid blind 
adjustments. 
c. Threaded fasteners uE.ed for securing a single component, 
where practical, shall be the same type, size, and ten-
sile strength. 
d. Captive fasteners s'lall be utilized to fasten LRUs. 
3.4.1.2 Accessibility 
a. Electrical connectors shall be accessible without dis-
assembly or removal of functional equipment or components. 
b. Servicing and test points shall be clearly marked and 
shall be accessible without requiring removal of access plates or covers except service caps. Calibration con-trols shall be accessible and clearly marked for major functions. 
c. All fasteners on a single access cover shall be of the 
same length, diameter, and type. 
3.4.1.3 Replacement 
s. Mounting provisions shall permit SRU removal and replace-
ment without disconnecting any equivalent level SRU in the line replaceable unit. If removal of a LRU structural 
element is required for access, such removal shall not 
affect electrical or mechanical alignment, nor shall the 
mechanical strength of the unit be impaired to the point that bending of the unit, its assemblies, electrical harn-
esses, or plumbing attachments will occur during normal bench handling of the unit. 
b. Attachment fittings for components routinely removed shall be operable without hand tools and shall be accessible 
without requiring removal of access panels or covers. 
3.4.2 Supply 
The components, subassembly and assembly panels which make up the AFD core C&D design ahall be recorded on delivery and tracked to assure that these components, subassemblies, and assemblies are available in stock and ready for use by each subsequent ectivity phase that may impact or in-fluence the deaign. 
22 
.. ' ...... 
" 
. 
11 
i ~ 
, " 
_.1 
; ." 
I 
1 
I 
I 
! 
The following information records shall be maintained for 
each of the items: 
a. Part numbers. 
b. Name of parts. 
c. Quantity required and available. 
d. Required delivery sites. 
e. Planned use sites. 
The above records will provide the required information to assure availability of items, and provide sufficient time to resupply com-ponents if it may appear that a sh~rtage could occur prior to the next opera-tion. 
3.4.3 Facilities and Facility Equipment 
Procured parts and materials will be received, inspected and stored in existing facilities. These same facilities will provide a bonded area which will store the qualified and acceptapc~ tested parts or assemblies prior to delivery. 
No new or unique facilities will be required for the logistics requirements. 
3.5 Personnel and Training 
Standard aerospace management, engineering, manufacturing, product assurance, and test practices as applied to prior space programs as Gemini, Apollo, Skylab, etc. will be utilized for the PS contractor's design/develop-ment phase. 
This approach will enable these space program practices to be applied to the PS contractor's activities and, thereby, no new requirements will be needed for personnel training, training equipment and facilities. 
MSFC or its designated government quality representative will verify the adequacy of the discipline practices utilized. 
3.6 Interface Requirements 
3.6.1 Int~rprogram Interfaces 
Interfaces between the AFD core C&D program, of which this specification is a part, and other programs (e.g., Orbiter, Spacelab, IUS) will be controlled by ICDs to be supplied by the Phase C/D contractor for mechanical, electrical and software interfaces. 
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3.6.2 Intraprogram Interfaces 
The relationship between this CEl and the otbe,r CEls within the AFD core C&D program is shown in Ftgure 3.6.3-1. Eacb CEt (project level) defines the specific interface requirements applicable to the individ-ual project. 
MFDS MMSE GSE Flight Ground Test CEl CEl CEl Software Software CEl CEl 
Figure 3.6.3-1 lntraprogram CEls 
3.6.3 Intraprojec~ Interfaces 
3.6.3.1 CRT and Keyboard/Central Processor 
The CRT and Keyboard shall be connected to the central pro-cessor via any of the standard asynchronous interfaces. 
3.6.3.2 Mass Storage/Central Processor 
The mass storage unit shall be connected to the central processor via either a parallel data bus or a direct memory access channel. 
3.6.3.3 Line Pr:i.~ter/Central Processor 
The line printer shall be connected to the central processor via either a serial or parallel data bus interface. 
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4.0 VERIFICATION 
The verification program is designed to verify that the GSE hardware conforms to the design, construction, and performance requirements as specified in Section 3 herein. Each requirement presented in Section 3 will be verified by test ~r assessment as specified in Section 4. 
4.1 General 
The following subparagraphs specify the organizational responsibility for accomplishing verification, verification methods to be used, requirements for test/equipment failures, and requirements for phased verification. 
4.1.1 Responsibility for Verification 
Organizational responsibilities for performing and supporting verifi-cation during the various verification phases of Paragraph 4.2 shall be as defined herein. Responsibilities are defined as primary and supportive. It shall be the Government's right to witness and verify the results of all verification accompH.:;hed. 
Verification 
Phase 
*Organizational Responsibility for Verification. ~rimary Supportive or Witness 
1. Development 
2. Qualification 
3. Accep tance 
*Legend 
MSFC NASA-MSFC 
PS Contractor 
PS Contractor 
PS Contractor 
4.1.2 Verification Method Selection 
MSFC 
MSFC 
MSFC 
Verification methods shall include test during each verification phase as applicable, or assessment by similarity, analysis, inspection, demon-stration, and validation or records. These methods are defined in paragraph 4.3.1. 
4.1.2.1 Design Margin Verification Selection 
Where integrity is verified by analysis only, the following factors of safety shall be used: 
Yield Factor of Safety 
Ultimate Factor of Safety 
2.0 
3.0 
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4.1.3 Flight Hardware Failures 
Not applicable. 
4.1.4 Test/Equipment Failures 
Test policy fOl the GSE shall include tests which demonstrate a completely checked out end item with:l.n specification performanc.e of all systems. To this end, the test program shall encompass: all component and system malfunctions corrected or satisfactorily explained and accepted and appropriate reverification required following equipment replacement because of failure or other reasons. 
Retest shall be performed after failure or equipment re~lace­ment to the extent necessary to restore confidence in the equipment. The retest requirements shall be specified at time of failure or replacement and shall be a part of the controlling documentation. Reverification may be de-ferred to the :text scheduled functional test of the affected hardware. Re-verification must be accomplished prior to launch for flight equipment. 
4.2 Phased Verification Requirements 
Phased verification of the Section 3 requirements shall be as specified in the Paragraph 4.3 Verification Cross Reference Index. Defini-tions of the verification phases follow in Paragraph 4.2.1 through 4.2.8. 
4.2.1 Development 
Development verification is the process for verifying the feasibility of the design approach and to provide confidence in the ability of the hard,;are to pass qualificat:l;n. Where visibility and control of ven-dor hardware development is requi ed, appropriate direction shall be included in the applicable procurement drawings/specifications. 
4.2.2 Qualification 
The GEE including all components shall be qualified prior to launch. l~ere visibility and control of vendor hardware is required, ap-propriate direction shall be included in the applicable procurement drawings/ specifications. Test types, durations and levels shall be specified. Quali-fication shall be accomplished by anyone or more of the following: 
a. Test - Qualification Testing 
b. Assessment - (1) Similarity; (2) Analysis; (3) Inspection; (4) Demonstration; (5) Validation of Records. 
Qualification testing methods are defined in the following paragraphs. Assessment methods definitions are presented in Paragraph 4.3.1. 
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4.2.2.1 Qualification Testing 
Qualification testing is an individual or series of perfor-mance/functional and environmental tests conducted on hardware at environmental test conditions normally more severe than acceptance test conditions to estab-lish that the hardware will perform satisfactorily in the use environments with sufficient margin. 
4.2 3 Acceptance 
The GSE including all components, shall be acceptance tested prior to launch. Where visibility and control of vendor hardware is required, appropriate direction shall be included in the applicable drawings/specifica-tions. Test types, durations and levels shall be specified. Acceptance test-ing shall be applicable to component through system level. 
4.2.3.1 Component Acceptance Testing 
Component acceptance tests consist of performance/functional and acceptance level environmental tests to assure compliance with required specifications. This testing is conducted to detect manufacturing flaws and workmanship defects that cannot be detected by normal inspection techniques as well as verify functional conformance to design specifications including en-vironmental exposures. 
4.2.3.2 Subsystem/ Systems Acceptance Test'~ 
These tests shall be performed as appropriate following com-ponent acceptance tests to demonstrate compliance to specifications. Sub-system and system verification in varioua operating modes and interfaces at normal supply voltages will be considered. 
4.2.3.3 GSE Acceptance Testing 
The GSE shall be acceptance tested as an end item prior to its delivery to the next higher level of hardware assembly. Testing includes system to system interface checks, operation of individual GSE systems, com-bined systems functional and mission sequence simulation tests. Test types, durations and levels shall be specified. 
4.2.4 Integrated Systems 
This phase consists of the testing performed after the mating of the GSE with the Orbiter or Space lab subsystems, and will be the responsi-bility of the Hission Contractor. The PS Contractor shall. support the Hission Contractor. 
4.2.5 Prelaunch Checkout 
This phase of testing will be the responsibility of the Hission Contractor, and the PS Contractor shall support the Hission COD1:ractor. 
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4.2.6 Launch 
This phase of testing will be t~ responsibility of the Mission Contractor. 
4.2.7 Flight/Mission Operations 
This phase of testing will be the responsibility of the Mission Contractor, 
4.2.8 Post-Flight 
This phase of testing will be the responsibility of the l1iss:lon Contractor, 
4.3 Verification Cross-Reference Index 
The verification cross-reference index provides a one-for-one cross reference of each verification requirement for each Section 3 require-ment. Verification shall be by test or assessment. Test types and phases were described in Paragraph 4.2. Assessment methods are described below. 
4.3.1 Assessment Methods 
Assessment methods include: (a) similarity; (b) analysis; (c) inspection; (d) validation of records; and (e) demonstration. A brief definition of the methods as used herein follows: 
a. Similarity - Qualification by similarity shall be con-sidered if it can be demonstrated, by review of prior test data or application of hardware (flight or uSage experience), that the article is similar or ~dentical in design and manu-facturing process to another article that has previously been qualified to equivalent or more stringent environmental criteria (e.g., Skylab, Apollo and/or Gemini hardware), 
b. Analysis - Analysis may be used for verification in lieu of, or in addition to testing to verify compliance to speci-fication requirements. The selected techniques may include, typically, systems engineering analysis, statistics, quali-tative analysis, analog, modeling, and computer simulations. Analysis may be considered when it can be determined that: 
1) Rigorous and accurate analysis is pOSSible. 2) Test is not cost-effective. 3) Similarity is not applicable. 4) Verification by inspection is not adequate. 
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c. Ins~p.ction (End~Item) - Inspection techniques (e.g., 
verificationo( compliznce with drawings, wire coding, 
material compliance, etc) may be used in lieu of or in 
conjunction with testing to verify design features (e.g., dimensions, bonding, assembly methods, etc). 
d. Validation of Records - Manufacturing records may be used 
at end-item acceptance to verify latent construction fea-tures and processes for flight hardware and associated 
suppo.t equipment. 
e. Demonstration - Demonstration techniques (e.g., service 
access, transportability, crew-hardware interfaces, re-placement provisions, etc) may be used in lieu of or in 
conjunction with test to verify compliance with the re-quirements. 
4.3.2 GSE Verification Requirements Matrix 
Verification requirements fc'. Section 3 paragraphs are identi-fied in Table 4.1. The left-hand column of the matrix identifies each Section 3 requirement by paragravh number and where required, by sentence number of the paragraph. The verification methodes) for the various verifi-cation phases are presented in the matrix. The right hand column identifies the applicable Verification Plan paragraph number which defines and directs implementation o( each verification requirement. 
4.4 Test Support Requirements 
Test support including test facilities and equipment, bench setups, test software and test interfaces shall be as defined. 
4.4.1 Facilities and Equipment 
a. Existing facilities/equipment with NASA or other government 
agencies and cont.ractors shall be utilized to the maximum 
extent practicable. 
b. GSE test activities including test facilities/equipment, personnel, and procedures shall be established and in-
cluded in the Verification Plan. 
c. Maximum use of the same or common GSE test equipment shall be used for testing at mUltiple locations to assure uni-formity of test results. 
d. All test equipment shall be designed with a fail-safe goal such that test equipment failure will not degrade flight hardware. All test equipment sh~ll be tested prior to interfacing with flight equipment to ensure that no damage or degradation to flight hardware will be induced. Appropriate tolerances shall be identified in the proce-dures, taking into account test equipment capabilities and flight hardware specifications, such that the test results 
will verify compliance with the flight hardware specifica-tions. 
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4.4.2 Articles 
Test articles, if required to support the test program, 
shall be as identified. 
4.4.3 Software 
Requirements governing software utilization in support 
of verification operations shall be as ident.ified. 
4.4.4 Interfaces 
vlhere verification requires interfacing of the GSE with 
other STS project equipment/facilities, the Mission Contractor shall 
direct and support the test activities in accordance with the applicable 
contractual agreement(s). 
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VEllTFICA'l'TON ~mTH()D VERIFICATION PHASES 
]. 'n:;;'l' A. DEVELOPMENT 2. ASSESSHENT B. QUALIFICATION Il. SINILARITY C. ACCEPTANCE b. ANAI.YSIS D. INTEr.RATED SYSTEM c. INSPECTION E. PRELAUNCH CHECKOUT d. DEl>IONSTRATION F. FLIGHT VERIFICATION e. VALIDATION OF RECORDS G. LAUNCH 
H. POST FLIGHT 
N/A = NOT APPLICABLE 
---- -- --.---- --- .,. PERFORMANCE/DESIGN VERIFICATION METHOD 'l'EH'I'/ ASSl!SSMI(N'l' REQUIREl'IENT REFE~ilNCE N/A A B C D E F G H R!!qUIRliHl!NT RIWlillIlNCI! 
-, .-3.2.1.1 General Performance 
- -
1 4.2.3 
-
3.2.1.2 Central Processor x 
- - -
3.2.1.2.1 Architecture 
- -
2c 4.3.1.C 
-3.2.1.2.2 Memory 
- -
2C 4.3.l.C 
3.2.1.2.3 Power Fail Safe/Auto Start 
- -
1 4.2.3 
3.2.1.2.4 Real Time Clock 
- - 1 4.2.3 
---'_--0_-3.2.1.2.5 Operator Controi Panel 
- - 1 4.2.3 
3.2.1.2.6 Hardware Floating Point 
- -
1 4.2.3 
3.2.1. 3 Input/Output 1 1 1 4.2.1, 4.2.2, 4.2.3 
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REQUIRE~ENTS FOR VERIFICATION 
NOHENCLATURE: 
CEI NO. 
i PERFORMANCE/DESIGN 
! REQUIREMENT REFERENCE 
3.2.1.3.1 Digital Serial 
3.2.1.3.2 Subsystem Data Buses 
3.2.1.3.3 Experiment Data Buses 
3.2.1.3.4 Orbiter Data Bus I 
1 3•2.1.3.5 MHSE 
3.2.1.4 Mass Storage 
3.2.1.4.1 Mass Storage Type 
3.2.1.4.2 Storage Capacity 
3.2.1.5 Display & Keyboard Unit 
3.2.1.5.1 Screen Size 
3.2.1.5.2 Display Format 
3.2.1.5.3 Character Repertoire 
3.2.1.5.4 Editing Features 
3.2.1.5.5 Input Power 
3.2.1.6 Line Printer 
3.2.1.6.1 Printing Rate 
3.2.1.6.2 Character Set 
3.2.1.6.3 Columns 
3.2.1.6.4 Controls 
3.2.1.6.5 Input Power 
Table 4-1 Verification Cross-Reference 
SHEET 2 OF 2 
I CRIT CAT: 1 CEl SPEC NO. 
VERIFICATION METHOD TEST/ASSESSMENT N/A A B C D E F G H REQUIREMENT REFERENCE 
- - 1 4.2.3 
- - 1 4.2.3 
- - 1 4.2.3 
- - 1 4.2.3 
-
- - 1 4.2.3 
-
- - 1 4.2.3 
- - 2C 4.3.1.C 
- - 2C 4.3.1.C 
- - 1 4.2.3 
- - 2C 4.3.1.C 
- - 2C 4.3.1.C 
-
- !'- 4.2.3 
- ;- 4.2.3 
- - 2C 4.3.1.C 
- - 1 4.2.3 
- - 2C 4.3.1.C 
- - 1 4.2.3 
- - 2C 4.3.1.C 
- - @C 4.3.1.C 
- - ~C 4.3.l.C 
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5.0 PREPARATION FOR DELIVERY 
Preservation and Packaging - GSE end items shall be preserved and packaged in accordance with the follmging: 
5.1 Physical Protection 
Containers shall be compatible with on-site transportation, handling and storage methods. For convenient handling and stacking, con-tainers having a gross weight of more than 150 pounds shall be provided 
,g1th integral skids or pallets for shipment. Attach points shall be provided ,·,here applicable for crane hoist and tie-down. Padded van ship-ments will generally be utilized for racks and consoles. 
5.2 I'eight and Size 
The weight and dubic displacement of packaging and packing shall be held to a minimum consistent with the requirement of the item and the metbod of transportation. GSE shall be designed so that the con-figuration (i.e., item)may be disassembled as required and packaged for shipment. 
5.3 Parts Protection 
There shall be an efficient, reliable and economical system for the protection of all GSE parts during manufacturing processes and in-plant handling and storage. There shall be standardization of parts protection procedures, methods, materials and devices such as carts, boxes, containers or transportation vehicles necessary to prevent damage to parts. 
5.4 ,Marking 
Containers shall be marked according to the requirements con-tained in MIL-STD-129. 
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6.0 NOTES 
6.1 Definition and Design Terms 
Multifunction Display System - AFD hardware (located at panels L-11 and L-lO) consisting of tt.o CRT displays, electronic unit and keyboard. The system is used to control and monitor payload experi-ments on orbit. 
Bailt-In-Test Equipment - Circuitry provided to perform con-tinuous monitoring of specific parameters, groups of parameters, or func-tions of the LRU to provide a go/no-go indication. This type of built-in-test capability represents those implementational techniques that are autonomous and provide continuous real-time monitoring, but do not inter-rupt normal operation of the LRU. 
Closed Circuit Television - Orbiter equipment consisting of TV cameras (located in the payload bay and forward section of the orbiter) and TV monitors (located at the aft flight deck). The system is used for monitoring of payload bay and cabin area activities. 
Display Unit - The display unit consists of one CRT monitor (either black and white or color) and forms a integral part of the multi-function display system. The display unit is used to present experiment status and data in the form of alpha numerics, graphics and Video. 
Electronic Unit - The electronics unit is an integral part of the multifunction iisplay system. It interfaces with the various flight computers and interprets computer command~. It creates and con-trols all displays for the display unit. 
Ground Support Equipment .. - This ground equipment consists of a minicomputer, CRT display keyboa.·d unit, mass stor.age, line printer and input/uutput units. It is used tt· checkout and verify the AFD core controls and displays hardware. 
Interconnecting Stations - Spacelab equipment used to tie AFD core equipment to either the Spacelab subsystem or experiment data buses. The interconnecting stations isolate and protect the buses from the equipment on the buses. 
Input/Output - Interfacing hardware/software between a computer and the equipment it is monitoring or controlling. 
Input/Output Processor - Similar to input/output but with additional data formatting and processing. 
Remote Acquisition Unit - Spacelab equipment used to inter-face a spacelab computer to various experiments for monitoring and con-trol. 
34 
l 
\ 
.. "'.'.'" .".--., 
Read Only Memory - A device used for the storage of in-formation in digital form. This information cannot be changed. In-formation can only be obtained (read) from this memory. 
Read/Write Memor~ - A device used for the storage of in-formation in digital form. This information may be changed as required. Information in memory can either be obtained (read) from memory or placed (written) into memory. 
Line Replaceable Unit - A combination of components, units, parts, assemblies, subassemblies, etc., that are contained in one package or are so arranged that together the combination is common to one mount-ing and, in addition, provides a complete function to the larger entity within which it operates. 
Shop Replaceable Unit - An integral subassembly of an LRU consisting of units and parts or a combination of parts so arranged that together the combination is common to one mounting and, in addition, provides a complete function to the larger entity within which it operates. 
Standard Commercial Equipment - Standard commercial equipment as utilized herein shall be defined as equipment identical to, or modified from equipment items which are normally, or have been, sold or offered to the public commercially by any supplier and which are incorporated as com-I~nent parts/assemblies in or to be used with the GSE. 
6.2 List of Acronyms 
AC 
ASCII 
AVT 
AFD 
BITE 
B&W 
CCD 
CCTV 
CDR 
CEI 
CEL 
CRT 
C&D 
DC 
DDU 
DU 
EMC 
EU 
FMEA 
GPC 
GSE 
HZ 
I/O 
IOP 
IPS 
IS 
KB 
LRU 
Alternating Current 
American Standard Code for Information 
Acceptance Verification Test 
Aft Flight Deck 
Built-In-Test Equipment 
Black & lfuite 
Core Controls and Displays 
Closed Circuit Television 
Critical Design Review 
Contractor End rtem 
Critical Item List 
Cathode Ray Tube 
Controls & Displays 
Direct Current 
Data Display Unit 
Display Unit 
Electromagnetic Compatibility 
Electronic Unit 
Failure ~!odes & Effects Analysis 
General Purpose Computer 
Ground Support Equipment 
Hertz 
Input/Output 
Input Output Processor 
Instrument Pointing System 
Interconnecting Station 
Keyboard 
Line Replaceable Unit 
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11FDS 
MHZ 
ms 
MS 
OOS 
PDB 
PDR 
Pbm 
PS 
&AU 
RID 
ROM 
R/lv 
SE&I 
S/L 
SRU 
STE 
TBD 
TV 
NBS 
Multifunction Display System 
Mega Hertz 
Milliseconds 
Mission Station 
On-Orbit Station 
Power Distribution Box 
Preliminary Design ReView 
Parts Per Hundred Million 
Payload Station 
Remote Acquisition Unit 
ReView Item Disposition 
Read only Memory 
Read and Write 
Systems Engineering & Integration 
Spacelab 
Shop Replaceable Unit 
Support Test Equipment 
To Be Determined 
Television 
Work Breakdown Structure 
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